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SUMMARY 
A one-dimensional, multigroup, multiregion Sn transport program has been devel- 
oped for the IBM 7094 computer. This program has been used to calculate the real  and 
adjoint fluxes for the NASA Zero Power Reactor (ZPR-1). In particular, the effect on the 
fluxes of a small spherical shell of cadmium located at the center of the reactor was de- 
termined. These calculated real and adjoint fluxes can be used to correct experimental 
reactivity determinations for materials within the cadmium shell. 
number of spatial mesh intervals, and angular flux model representation (diamond or  
step) on the real and the adjoint fluxes at  the center of the reactor and with the cadmium 
shell in place was determined. The S4 transport calculations using a diamond model 
representation of the angular fluxes and using PI order elastic scattering were found to 
be adequate. 
The effect of Sn order (n = 2, 4, 6, o r  8), elastic scattering order (Po or  P1), the 
INTRODUCTION 
The NA !I Zero Power Reactor (ZPR-1) consists 0, urany fluoride salt (U02F2) dis- 
solved in water and contained in a cylindrical aluminum tank. For a given concentration 
of uranyl fluoride salt in water, criticality is achieved by varying the height of the solu- 
tion in the tank. No control rods a r e  inserted into the solution while the reactor is criti- 
cal. Criticality calculations for this reactor are given in reference 1. Good experimen- 
tal conditions exist for obtaining criticality data and for performing reactivity measure- 
ments by measuring changes in solution height due to insertions in reactor. Descrip- 
tions of the reactor and the reactivity measurements that employ the real  and the adjoint 
fluxes reported herein are found in reference 2. 
Activation and reactivity measurements a r e  made on samples in the center of the re- 
actor. These samples are measured with or  without a 0.0889-centimeter-thick (35-mil) 
cadmium cover. Values of the real  and adjoint fluxes in the cadmium-covered samples 
must be known precisely as a function of energy in order to interpret activation and reac- 
tivity measurements of various absorber materials in terms of the resonance integral of 
the material. Since the real and the adjoint fluxes as a function of energy a r e  difficult to 
determine experimentally, the use of computer calculations is required to make the nec- 
essary corrections to the .experimental data. 
versing the thin cadmium cover, a transport calculation was  assumed necessary to obtain 
sufficiently accurate values of these fluxes as a function of energy. These transport cal- 
culations were made using the Sn method developed by Ben@ Carlson of Los Alamos 
Scientific Laboratory (ref. 3). A description of the mathematical model used in the de- 
velopment of the one-dimensional, multigroup, multiregion Sn transport program for 
the IBM 7094 11 computer is given. Appendix A is a list of the symbols used and appen- 
dix B describes the equations used. 
in the NASA Zero Power Reactor (ZPR-1) having an atom ratio of hydrogen to uranium 
235 of 500. The effect of a 35-mil cadmium cover on these fluxes at the center of the 
reactor is calculated. In addition, the effects of Sn order (n = 2, 4, 6 ,  or  8), elastic 
scattering order (Po or P1), the number of spatial mesh intervals, and angular flux 
model representation (diamond o r  step) on the calculated real  and adjoint fluxes a r e  de- 
termined. 
Since the gradient of the real and the adjoint fluxes changes quite drastically in tra- 
This Sn transport program has been used to calculate the real and the adjoint fluxes 
PROBLEM FO RMU LATlO N 
Although ZPR-1 is a cylindrical system with pill-box-shaped cadmium-covered Sam- 
ples placed at the center for the reactivity measurements, the calculations a r e  based on a 
one-dimensional spherical model. Table I presents the size, composition, and atom den- 
sities for each region. The low-density aluminum at the center of the system is used to 
represent a void. The thickness of the cadmium shell is 0.0889 centimeter (35 mil), and 
i ts  outer diameter is so chosen that the cadmium surface area is 47.74 square centi- 
meters (7.40 sq in.) the same as for the actual cadmium pill boxes. The atom ratio of 
hydrogen to uranium 235 of the fuel solution is 500. 
The outer radius of the spherical system was determined in the following manner. 
The critical cylindrical ZPR-1 system for an atom ratio of hydrogen to uranium 235 of 
500 for the fuel solution was related through the material buckling (ref. 1) to an equiva- 
lent spherical system. Then, with the voided spherical cadmium shell located at the 
2 
TABLE I .  - SIZE AND COMPOSITION OF ZPR-1 REGIONS 
Region 



































! outer radius of the fuel solution was adjusted slightly until the 
standard calculation gave an eigenvalue of unity. 
Thirty energy groups were used to describe the reactor spectra. Two different group 
spacings were chosen to provide detailed representation of the fast neutron leakage as 
well as the real and the adjoint fluxes in the resonance energy range. The details of the 
group structure are presented in table II. The thermal group extends from 0,001 to 0.414 
electron volts for both of the group splits. Most of the results obtained in this study used 
group split A of table 11 and will be shown in tables IlI and IV. 
Two computer programs were used to provide the necessary group-averaged micro- 
scopic c ross  sections. These programs are GAM 11 (ref. 4) and GATHER 11 (ref. 5). 
GAM 11 is a B3 multigroup code for the calculation of fast neutron spectra and was  used 
to calculate c ross  sections for the 29 fast groups. For this study, the code was used to 
integrate the B1 equations over 99 energy groups covering the energy range from 14.92 
million electron volts to 0.414 electron volts. The desired cross  sections for the 29 fast 
groups are then obtained by averaging over the 99 group spectrum. GATHER 11 was used 
to obtain thermal, or  30th group, cross  sections. This program is a PI code for the 
calculation of thermal spectra over 101 energy points covering the energy range from 
2.38 to 0.001 electron volts. The scattering kernel for  hydrogen bound in  a water mole- 
cule was  based on a model devised by Nelkin (ref. 6). This thermal spectrum was  cal- 
culated for a temperature of 293' K. 
Both these codes generated group-averaged macroscopic cross  sections for the 
uranyl fluoride - water solution having an atom ratio of hydrogen to uranium 235 of 500. 
Aluminum (Al), cadmium (Cd), and boron 10 (B ) microscopic cross  sections were av- 
erages over the spectra obtained for this fuel solution. From the GAM 11 and GATHER 11 
output, both Po transport corrected and P1 cross-section sets  were constructed. The 
various cross-section sets used included a one-group upscattering component for the fuel 
10 
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solution. The P1 cross-section sets obtained for group splits A and B are given in 
computer table V. The Po transport corrected cross-section sets  are not listed as they 
9, may be derived from the P1 sets  in the following manner. Eliminate the P1 transfer 
c ross  sections, replace the total cross  section by the transport cross  section, and rede- 
, fine the within group Po transfer c ross  section in  accordance with equation (B33) of ap- 
pendix B. The symbols used on the listings are computer terminology and are mostly 
self-explanatory. However, these symbols are defined in the symbol table (appendix A). 
It should be noted that three times the P1 transfer c ross  sections are listed. 
Since the gradient of the real and the adjoint fluxes changes quite drastically in tra- 
versing the thin cadmium cover, diffusion theory calculations would be inaccurate. Thus, 
transport calculations were necessary to obtain sufficiently accurate values of these 
fluxes as a function of energy. These transport calculations were made using the Sn 
quadrature method developed by Bengt Carlson of Los Alamos Scientific Laboratory 
(ref. 3). A complete description of the mathematical model used in the development of a 
one-dimensional, multigroup, multiregion Sn transport program for the IBM 7094 11 
Computer is given in appendix B. 
RESULTS AND DISCUSSION 
The one-dimensional, multigroup, multiregion Sn transport program used for this 
study had considerable flexibility and was used to determine an adequate calculational 
model. The effect of Sn order (n = 2, 4, 6, or 8), of elastic scattering order (Po o r  
P1), of the number of spatial mesh intervals, and of angular flux model representation 
(diamond or  step) on the real and the adjoint fluxes at the center of ZPR-1 both with and 
without the cadmium shell in place was determined. The standard case chosen for this 
study was an S4 calculation using the P1 elastic scattering transfer cross  sections 
with a total of 65 mesh intervals chosen to represent the spatial variation of the fluxes. 
Of these mesh intervals, 10 were in the aluminum (void) region, 5 were in the cadmium 
region, and 50 were used in the fuel solution region. The cross-section data were based 
on group split A of table II. 
The static criticality factor Keff for this case was  0.999951 for the real flux solu- 
tion and 1.000058 for the adjoint flux solution. The relative real fluxes are plotted as a 
function of radius in figure 1. The relative adjoint fluxes are plotted as a function of ra- 
dius in figure 2. For this standard calculation, the relative real fluxes a t  the center of 
ZPR-1 are shown for all the neutron groups as case 1 in table III(a). The relative ad- 
joint fluxes as a function of lethargy are similarly shown as case 1 in table III(b). For 
the real flux calculation, the normalization corresponds to 1000 source neutrons. The 
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TABLE IV. - COMPARISON O F  STATIC CRITICAIJTY 
FACTOR Keff OF ZPR-1 WITH CADMIUM SHELL 
AT CENTER FOR VARIOUS CALCULATIONS~ 
[D, diamond model; S, step model; P1, P1 elastic 
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aAll calculations used 65 mesh intervals and group split A 
of table II. 
8 
volume is equal to 1000.0. This standard case was also calculated using the cross  sec- 
tion set based on group split B as given in table II. The Keff for this case was 1.000446 
, for the real flux solution and 1.000559 for the adjoint flux solution. 
For each group of the calculations using group splits A and B, the flux per unit leth- 
argy at the center of ZPR-1 was obtained. These results are plotted as one curve in fig- 
’ u r e  3(a) as a function of the midpoint lethargy of the groups. Group split A tends to em- 
phasize the high-energy end of the spectrum while group split B emphasizes resonance 
energies of the spectrum. Thus, the curve i n  figure 3(a) gives the detailed real flux 
spectrum at  the center of a cadmium shell placed in ZPR-1. Figure 3(b) is a detailed 
plot of the adjoint flux spectrum at the center of a cadmium shell placed in ZPR-1 and 
represents calculations performed with both group splits A and B. 
tervals in  each region. The Keff for this calculation was nearly identical for both the 
real and the adjoint flux solutions to those obtained for the standard case with group 
split A. In addition, the real and the adjoint fluxes at the center of the system differed 
but slightly from those obtained for the standard case. Therefore, the number of mesh 
intervals used for the standard case was  adequate for the remaining calculations. 
The effect of the order of the Sn approximation on the relative flux and adjoint spec- 
trum at the center of ZPR-1 as well as on the reactor eigenvalue is shown in tables 111 
and IV. Cases 2, 3, and 4 of table III(a) l ist  the values of the real flux for each group for  
the S2, s69 and s8 approximations, respectively. The S4 approximation listed in 
case 1 for the flux does not differ appreciably from the S6 and the S8 approximations. 
Similar conclusions may be reached for the adjoint flux spectrum shown in table III(b). 
Table IV indicates that the S2 approximation predicts a value for Keff that is higher 
than the S4, S6, and S approximations by about 1 percent. The tables show that the 
real and adjoint fluxes obtained from the S2 calculation differ, in general, from the cor- 
responding s 6  and S8 fluxes more than the S4 solution. The S2 calculation is the 
lowest order Sn calculation and corresponds to a diffusion type of calculation. In gen- 
eral, S2 transport calculations are somewhat more accurate than diffusion theory calcu- 
lations. Thus, the assumption that diffusion theory calculations would not give accurate 
values of the real and adjoint fluxes at the center of the cadmium shell is confirmed. 
The effect of replacing the diamond model representation of the angular fluxes by the 
step model (eqs. (B64) and (B67) of appendix B) is shown as case 5 in tables III and IV. 
The step model predicts considerably lower values of Keff by about 1.6  percent than the 
diamond model. In addition, the real and the adjoint fluxes in the fission spectrum en- 
ergy range differ Considerably. 
The effect of scattering order on the relative flux and the adjoint spectrum at the 
center of ZPR-1 is shown as case 6 in table III. Table III(a) shows that the Po fluxes 
differ the most from the P1 fluxes in the high-energy groups. However, the adjoint 
The effect of mesh point spacing was determined by doubling the number of mesh in- 
8 
9 
fluxes in table III(b) show that the Po fluxes are 3 to 4 percent lower than the P1 fluxes 
in the groups representing the resonance energy range. Table IV indicates that the Po 
calculation underestimates the eigenvalue obtained by the P1 calculation by nearly 2 per- 
cent. 
The reduced-density aluminum at the center of the cadmium shell was used to repre- 
sent void. A value of 0.01 barn-centimeter was chosen for the aluminum atom density 
for the standard calculation. Case 7 in tables 111 and IV shows the effect of increasing the 
aluminum atom density to 0.06 barn-centimeter . These calculations indicate very little 
effect on the fluxes and eigenvalue due to the increased aluminum density. Thus, the void 
region at the center of ZPR-1 is adequately simulated by reduced-density aluminum. 
The radius of the void was increased by 0.5 centimeter to indicate the effect of cavity 
size on the fluxes and the eigenvalue at the center of ZPR-1. The radius of the fuel solu- 
tion was so reduced a corresponding amount (0.5 cm) that the overall reactor size re- 
mained the same. Case 8 in tables m(a) and (b) compares the real and the adjoint flux 
spectra at the center of ZPR-1. There are differences in  both the real and the adjoint 
fluxes as a function of energy. Table IV gives the eigenvalues for the calculations with 
two different void regions. 
The effect of reducing the thickness of the cadmium shell is shown as case 10 in 
tables 111 and IV. The outer radius of the cadmium shell remained fixed, and the inner 
radius was varied. The results in the tables indicate very little difference for the 0.0889- 
centimeter (35-mil) and 0.0508-centimeter (20-mil) thick cadmium shells. The greatest 
differences i n  the fluxes occur in groups 29 and 30. The eigenvalues for these two calcu- 
lations are  essentially the same. 
Replacement of the cadmium shell in the standard calculation by void would indicate 
the magnitude of the effect of the cadmium on the real and the adjoint fluxes a t  the center 
of ZPR-1. This effect is demonstrated as case 9 in table III where aluminum has re- 
placed cadmium, but the atom density of the region remains unchanged. As expected, re- 
sults given in table III show a considerable difference for the real and the adjoint fluxes 
in the resonance energy range from those shown for case 1. Table IV indicates that the 
cadmium shell has a worth of nearly 1 percent in reactivity compared with an aluminum 
shell. 
The cadmium shell has the effect of eliminating the thermal real and adjoint fluxes at 
the center of ZPR-1. Thus, reactivity effects caused by an absorber are due only to res- 
onance absorption and can be accurately measured in  ZPR-1. If the cadmium shell is re- 
placed by boron 10, different flux and adjoint spectra will be obtained at the center of 
ZPR-1. The boron 10 eliminates the real and the adjoint thermal flux and considerably 
reduces the fluxes in the resonance energy range. The result will be a real and an ad- 
joint flux spectra that enhance the relative effect due to fast neutron reactions. Thus, 
with a boron 10 shell it may be possible to measure in ZPR-1 reactivity effects due to, 
10 
say, inelastic scattering. Case 11 in tables III and IV compares the results of a calcula- 
tion replacing a 0.0889-centimeter (35-mil) cadmium shell with a 0.635-centimeter 
(0.25-in.) boron 10 shell with an atom density of 0.0682 barn-centimeter. The outer ra- 
dius of the shells was the same, but the sizes of the voids differed. The resonance and 
thermal fluxes are considerably reduced for the boron 10 shell as compared to the cad- 
mium shell. Table IV indicates that the boron 10 reduces the reactor Keff by nearly 
1 percent. 
Case 12 of tables 111 and IV shows the result of replacing the aluminum within the 
cadmium shell by boron 10 with an atom density of 0.0682 barn-centimeter. Since 
boron 10 is essentially a l/v absorber (i. e.,  the absorption c ross  section varies as the 
reciprocal of the neutron velocity) with a thermally averaged absorption cross  section of 
2745 barns, it drastically changes the real  and the adjoint flux spectra at the center of 
ZPR-1 (table III). Note that table IV shows that the boron 10 reduces the eigenvalue of 
the system by about 1 percent. 
r; 
, 
CONC LU S IONS 
An S4 calculation, in which the scattering is treated through the P1 order and in 
which the diamond model is used to interrelate the angular fluxes, was found to be ade- 
quate for determining the real and the adjoint fluxes at the center of a cadmium shell 
placed in ZPR-1. The various calculations indicated the sensitivity of the results to the 
Sn order used, to the scattering order used (Po o r  Pl), to the angular flux model rep- 
resentation (diamond o r  step), to the number of mesh intervals used, to the size of the 
cavity, to the thickness of the cadmium shell, and to the density of the aluminum used to 
simulate the void. Additional results are obtained for a 0.25-inch-thick boron 10 shell. 
Finally, the effect of a l /v absorber (boron 10) on the flux and adjoint spectra at the 
center of ZPR-1 is indicated. 
These calculations, therefore, indicate the techniques to be used to compute real and 
adjoint flux spectra at the center of a cadmium shell placed in ZPR-1. These spectra can 
then be used to correct experimental reactivity data for materials within the cadmium 
shell. 
Lewis Research Center, 






2 A element of area, cm 
B2 transverse geometric buckling, 
C constant (eq. (B38)) 
diffusion coefficient for energy group g, cm 
3 
Dg 
dF differential volume element, cm 
E neutron energy, eV 
high-energy limit of group g, eV 
low-energy limit of group g, eV 




H cylindrical height, cm 
A 
i unit vector along X-axis of Cartesian coordinate system 
net neutron adjoint current vector (eq. (B44)) 
vector such that i t s  dot product with unit vector 52 gives net number of neu- 
-+ - 
Tg(f 1 
Jg( r 1 
-e 









Ng(r, 8 ,  cp) 
N g b ,  IL) 
Ni,iii 
unit vector along Y-axis of Cartesian coordinate system 
static criticality factor 
unit vector along Z-axis of Cartesian coordinate system 
total number of neutron energy groups 
angular flux for group g for one-dimensional spherical geometry 
(es. (B54b)) 
(es. (B55b)) 
angular flux for group g for one-dimensional cylindrical geometry 
angular flux for group g for one-dimensional slab geometry (eq. (B53b)) 
th value of angular flux at left-hand edge of spatial volume element for m 
angular interval 
12 
N ~ ,  m+l 
P(E’-E; pL)dE 
value of angular flux at  left-hand edge of angular volume element for 
average value of angular flux i n  ith spatial volume element and m th 
ith spatial volume element 
angular interval 
ith spatial volume element 
value of angular flux at right-hand edge of angular volume element for 
value of angular flux at right-hand edge of spatial volume element for 
mth angular interval 
probable number of neutrons belonging to energy group g in space 
volume element d; about position F and in element of solid angle 
d 5  about 5 
probability that neutron at energy E’ will, after elastic scattering 
collision, be in energy range dE about energy E and with scatter- 
ing angle being through angle cosine pL in laboratory coordinate 
system (eqs. (B23) and (B24)) 
Legendre polynomial of index 1 and argument p (eq. (B9)) 
associated Legendre polynomial of index I ,  m and argument p 
surface spherical harmonic of index 2 ,  m and argument 5 
(es. (B8)) 
(eqs. (B7a) and (B7b)) 
th average for group g of elastic scattering cross  section times 2 
Legendre polynomial of cosine of laboratory scattering angle 
(w .  (B30e)) 
number of neutrons produced in group g by external source at posi- 
tion It per unit volume per unit time, number/cm 3 /sec 
radius of cylinder, cm 
vector indicating outer boundary of reactor system 
position vector 
angular source term for group g for one-dimensional cylindrical 
geometry (eq. (B55c)) 
angular source term for group g for one-dimensional spherical 
geometry (eq. (B54c)) 
13 
angular source term giving number of neutrons produced in group g 
and moving in direction 5 at position F per  unit solid angle, per 
1 
unit volume, and per unit time, number/cm 3 /sr/sec (eq. (B2)) 
si( F, 5) angular adjoint source term (eq. (B39)) 
- 4  . * *  
P1 approximation to angular source S (1,  a) (eq. (B31)) sg( r, f3 
* *  4 -  P transport corrected approximation to angular source S ( r ,  S Z )  
Sg( r, 0) 0 g 
IPo(Ztr) (eq. (B32)) 
Si( F) G) Po transport corrected approximation to angular adjoint source 
S',(F,c) (eq. (B49)) 
- 4  
P1 approximation to angular adjoint source S+(r,SZ) (eq. (B48)) 
g 
s" Er, 5) 
Sg(X' P )  
ST - 
1,111 
angular source term for group g for  one-dimensional slab geometry 
average value of angular source in ith spatial volume element and 
1 th moment component of angular source S ( r ,  a) (eq. (B5)) 
1 th moment component of angular adjoint source term S+( r, S Z )  
(es. 03534) 
mth angular interval 
* -  
Sl , g( 3 g 




1 , g  
(es. (B40c)) 
refers to quadrature scheme developed by Carlson for solution of 
neutron transport equation where n is order of quadrature 
4 4  
isotropic component of angular source S ( r ,  0) that includes contribu- 
tions from external sources, fission, downscattering, and upscatter- 
ing of neutrons, number/cm /sec (eq. (B3)) 
so, g( 3 g 
s;, g( 3 g 
SI, g( 3 g 
si, g( 3 g 
3 
isotropic component of angular adjoint source te rm S+( r, a) - 4  
(es. (B40a)) 
-Le 
f i rs t  moment component of angular source S (r,S2) (eq. (B4)) 
first moment component of angular adjoint source term S+( r ,  S Z )  - 4  
(es. (B40b)) 
Ti( F, 6) variable related to surface spherical harmonic components of angular 
flux for neutron group g (eq. (B19)) 
14 
1 +  - -  
Tg ( r, 52) 
T ( r, E, 5) 
variable related to surface spherical harmonic components of angular ad- 
joint flux for group g (eq. (B43b)) 
'6 2 - 
variable related to surface spherical harmonic components of energy de- 
average neutron speed for group g, cm/sec 
pendent angular flux (eq. (B18)) 
3 
g V 
V element of volume, cm 
W quadrature weight 






Y-axis in Cartesian coordinate system 
Z-axis in Cartesian coordinate system 
parameter arising from angular redistribution term in spherical and cylin- 
drical geometry (eqs. (B58), (B61), and (B62)) 
parameter defined by equation (B65a) 
Kronecker delta (eq. (B13)) 
= sin f3 sin cp (eq. (B56b)) 
polar angle between 5 and z-axis 
= cos e (eq. (B11)) 
o r  cosine of angle between 5 and x-axis in  slab geometry (eq. (B53a)) 
o r  cosine of angle between 5 and radius in  spherical geometry 
(es. 03544) 
or  = sin 8 cos cp for cylindrical geometry (eq. (B56a)) 
cosine of angle in laboratory coordinate system between initial and f inal  
direction of motion of elastically scattered neutron 
average for group g of elastic scattering cross section times cosine of 
Sn quadrature coefficient for rnth angular interval 
value of pm for spherical or  cylindrical geometry used in  starting equa- 
number of neutrons produced per fission in group g 
macroscopic neutron absorption cross section for group g, cm-l  
macroscopic neutron elastic scattering cross  section for group g, cm-l  
scattering angle in laboratory coordinate system (eq. (B30d)) 
tion of recursion relation for computing angular flux 
15 
g U 
1 th moment coefficient in expansion of elastic scattering kernel in 
Legendre polynomial ser ies  (eqs. (B23) and (B24)) 
z th moment neutron cross section for transfer of neutrons from group g' 
to group g, cm" times 1 th Legendre polynomial of cosine of scatter- 
ing angle in laboratory coordinate system (eqs. (B22) and (B30e)) 
probability per unit path length for  transfer of neutrons from group g' to 
group g by elastic scattering, cm" (eqs. (B22), (B29), and (B30a)) 
f irst  moment neutron cross  section for transfer of neutrons from group 
to group g, cm" times cosine of scattering angle in laboratory coor- 




macroscopic neutron fission cross section for group g, cm- l  
macroscopic neutron inelastic scattering cross section for group g, cm- l 
probability per unit path length for transfer of neutrons from group g' to 
group g by inelastic scattering, cm-' (eqs. (B22) and (B30b)) 
macroscopic neutron (N, 2 ~ )  reaction cross  section for group g, cm-l 
probability per unit path length for  transfer of neutrons from group g' to 
macroscopic neutron total cross  section for  group g (=o ), cm-l  g 
macroscopic neutron transpo,rt cross  section for group g 
group g by N, 2N reaction, cm- l  (eqs. (B22) and (B30c)) 
/ 
or  Z - (pees) , cm-l  (eq. (B34)) t, g 
macroscopic neutron cross section for transfer of neutrons from group 
to group g (may include elastic scattering, inelastic scattering, and 
N,2N reactions), cm" (eq. (B29)) 
0 
rected calculation, cm-l  (eq. (B33)) 
macroscopic neutron total cross  section for energy group g (52 
cm-' (eq. (B28a)) 
E Z (eq. (B34)) 
g' 
effective within group scattering cross section used in P transport cor- 
), t, g 
tr, g 
average value of u for ith spatial volume element g 













scalar adjoint flux for group g [= (pg+ (P)] (eqs. (B43a) and (B46a)) 
azimuthal angle between projection of 8 on X-Y plane and X-axis 
090 
2 - 9 -  total angular flux for group g [s ng( r, n)vg], neutrons/cm /sr/sec 
angular adjoint flux or  neutron importance. It is proportional to (after 
sufficiently long time) power level due to neutron belonging to energy 
group g and having direction of motion 6 being injected into reactor 
system at position F. (See eqs. (B37) and (B38).) 
2 , mth coefficient of expansion of energy-dependent angular flux in surface 
2 ,  mth coefficient of expansion of angular flux for group g in surface 
2 ,  mth coefficient of expansion of angular adjoint flux for group g in sur- 
spherical harmonic series 
spherical harmonic series (eqs. (B6) and (B15)) 
face spherical harmonic series (eqs. (B42) and (B43a)) 
total number of neutrons produced by fission at position per unit volume 
3 and per unit time, number/cm /sec (eq. (B25)) 
fission spectrum weighted neutron importance (eq. (B41d)) 
x-component in Cartesian coordinates of 6 
y-component in Cartesian coordinates of 6 
z-component in Cartesian coordinates of 6 
unit vector in direction of motion of neutron travel 
designates vector 6 directed out of reactor system 
designates vector 5 directed into reactor system 
-= - E(eq. (B52)) 
neutron energy group 
left-hand edge of spatial mesh interval 
right-hand edge of spatial mesh interval 
midpoint of spatial mesh interval 
index of either surface spherical harmonic, associated Legendre poly- 
nomial, o r  Legendre polynomial 
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m index for surface spherical harmonics o r  left-hand vvedgevv of angular mesh 
right-hand tvedgev* of angular mesh interval 




n order of Sn approximation 
r radial direction of cylinder 
z 
Superscripts : 
g neutron energy group 
m 
+ adjoint quantity 





SIa3w-G) 3 x e s ( g 4  
- 
Z-direction of cylinder or  if slab, Y-direction 




P(0) TRANSFER MATRIX = U(g'-g) 
P( l )  TRANSFER MATRIX = 3Zis(gv-g) 
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APPENDIX B 
? DESCRIPTION OF S n  EQUATIONS 
Equations for the Real Flux 
The basis for the development of a one-dimensional, multigroup, multiregion Sn 
transport program for the IBM 7094 computer is the multigroup form of the time- 
independent Boltzmann transport equation for neutrons 
In the previous equation, 
vel, C#I (r,$2) 5 n (r,S2)v is the total angular flux for group g where n (r,$2) is the 
total number of neutrons in group g per unit volume at position and per unit solid 
angle about 5 per unit time while v 
g e- g 
is the total macroscopic cross  section at  position for group g, and S ( r ,  $2) is the 
angular source term giving the number of neutrons produced in group g per unit time 
and moving in the direction 5 at position F per unit solid angle and per unit volume. 
Thus, equation (Bl) represents a time-independent transport equation for group g where 
neutron losses per unit volume at position F and per unit solid angle about direction 5 
due to collisions and streaming a r e  balanced by gains due to fission sources, external 
sources, downscattering of neutrons from neutron groups with higher neutron speeds, and 
upscattering of neutrons from groups that have lower neutron speeds. 
is a unit vector along the direction of motion of neutron tra- - -  - -  * - c  
g g g g 
is the average neutron speed for group g, (J ( F )  
g 
- -  





The terms S 
the angular source S ( r , n )  and are obtained from the expansion of the angular flux in 
surface spherical harmonics. 
The expansion of the angular flux in surface spherical harmonics is given by 
(F), S1 g(F), and S (F) are the zeroth, first, and I th  components of 
9 z , g  - *  0, g 
g 
The surface spherical harmonics P (6) are defined as 
1 , m  
The P p ( p )  are the associated Legendre polynomials given by 
For P 
expression: 
(z), the Legendre polynomials are used, and these are defined by the following 
290 
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The unit vector 6 is given in terms of the polar angle 8 between 6 and the Z-axis and 
the azimuthal angle q between the projection of 6 on the X-Y plane and the X-axis as 
A . 
$2 = iox + js2 + kfiZ 
Y 
A A A 
= i sin 8 cos q + j sin 8 sin q + k cos 8 
= 'P1, &E) + ;PI Jii) + iPl ,  o(i5) 
A A  A 
where i, j ,  and k a r e  unit vectors along the X-, Y-, and Z-coordinate axes, respec- 
tively. The quantity 1-1 is given by 
p =  COS e 
These surface spherical harmonics have the orthogonality property 
where 6 is here the Kronecker delta defined as 
= 1 k' = k 
= O  k ' # k  
The addition theorem for these spherical harmonics is expressed by the equation 
1 
m=-Z 
By the orthogonality property of these harmonics, the $g 
determined: 
(F) of equation (B6) may be 
1 ,m 
The quantity @g 
Q (F). The net neutron current vector J' (f)  is given by the equation 




Equations (B10) and (B16) yield the dot product of 6 and J' (F). This is g 
m=-1 
For values of 1 > 2, there are no such simple identifications for  the +g 
quantities have a tensor aspect. 
(F) as these 
1,111 - 
If we define (F, E, 5) by the relation 
m=-1 





and where E 
group g. From equation (B19), T ( r ,  62) and T ( r, 62) are specifically given by 
and E are the lower and the upper energy limits, respectively, of 






0 - 0  Tg(r,SZ) = agm 
1 - -  Tg( r, S2) = 6 - rg(r) 
equation 
2 Xes(;, g' - g) 
2 The 2 th order transfer cross  section from group g' to group g, Xes( F, g' - g), 
2 - -  2 
g can now be defined in terms of the T ( r, a). These Xes( F, g' - g) are defined by the 
2 The quantity X es 
a series of Legendre polynomials: 
(F, E' - E) arises from the expansion of the elastic scattering kernel in 
Xes( F, E')P(E' - E; pL ) =z 22' Xi,( ?, E' - E)Pz (pL) 
4n 
2 =o 
where Xes( r, E') is the elastic scattering cross section at energy E' and position ?, 
and P(E' - E; pL)dE is the probability that a neutron at energy E' will, after an elas- 
tic scattering collision, be in the energy range dE about E with the scattering angle in 
the laboratory coordinate system being angle cosine pL. By the orthogonality property 
of the Legendre polynomials, Zes( ?, E' - E) is given as I 
This equation is evaluated in terms of experimentally determined differential cross- 
section data. 
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The quantity Q (F) in equation (B3) represents an isotropic fixed source at position 
4 g 
r while X( F) is the source of neutrons due to fissions. This term is given by 
where v (F) is the average number of neutrons per fission event in  group g at position 
F while C 
group g. 
and is so normalized that 
g (F) is the probability per unit path length of a fission at position in 
f ,  g 
In equation (B3), f represents the fraction of fission neutrons produced in group g g 
Cfg = 1.0 
g 
The quantity Keff is the static criticality factor of the system. In the absence of the 
external source Q (F), Keff is an eigenvalue of the system and can take on a range of g 
values. If the system includes an external source, the system must be subcritical to 
maintain a time-independent condition. This static criticality factor is given in terms of 
the function x( F) as an integral over the entire reactor system: 
where d; is the element of volume. 
unit path length of a collision, whether scattering o r  absorption, occurring in group g at 
position F. This probability is given by 
The total macroscopic cross section u (F) of equation (Bl) is the probability per g 
(B28a) 
(5)  are the probabilities per unit 
path length for absorption, elastic scattering, inelastic scattering, and for the N, 2N 
reaction, respectively, at position F in group g. If more than one nuclear species is 
present, then u (F) represents a summation over all elements in the volume element 
at r. 
where xa,g('), xes, g(F), tin, g('), and 2 N2N, g 
4 g 
24 
The total cross  section Q (F) may also include transverse leakage effects. Trans- 
verse leakage for cylindrical or planar geometry may be approximated by adding an 
absorption-like cross  section to equation (B28). This cross section D B2 is given by 
g 
g z  
tr, g 
2 n2C 
D B  = 
g z  
3(HCtr, + 1. 42)2 
(B28b) 
is the group transport cross tr, g where H is the height of the cylindrical system and C 
section. Equation (B28b) includes an extrapolation distance of 0.7 1/C 
of the cylinder. For a two-dimensional slab, the height H is interpreted as the 
y-direction with the x-dimension being the direction of solution. For a three-dimensional 
slab system, transverse leakage in the z-direction is approximated by adding a term 
similar to that given by equation (B28b). For a cylindrical system being solved along the 
z-axis, the radial leakage cross section is approximated by 
for each end tr, g 
2 2 (2.4048) Ctr , 
D B  = 
g r  
3(RCtr, + 0. 71)2 
(B28c) 
where R is the radius of the cylinder. This equation includes an extrapolation distance 
of 0. 71/Ctr, for the radial direction. 
Inelastic scattering and the N, 2N reaction a r e  considered to be isotropic and hence 
do not contribute to the anisotropic part  of S ( r ,  0). Elastic scattering is considered to g 
be anisotropic, and the number of terms retained in  equation (B2) is determined by degree 
of anisotropy exhibited by a given nuclear specie, availability of nuclear data, and com- 
puter time and size limitations. 
ing, inelastic scattering, o r  by the N, 2N reaction is given by the third term of equa- 
tion (B3). Here, the quantity Q (F, g' - g) is given by 
..c+ 
The source of neutrons due to scattering into a group g by isotropic elastic scatter- 
0 The quantity Zes(F, g' - g) is defined by equation (B22) for 2 = 0 while Cin( p, g' - g) 
and zN2N( r, g' - g) are averaged in a similar manner. Thus Ces( r, g' - g), 
Gin( F, g' - g), and r, g' - g) represent the probability per unit path length for the 
transfer of neutrons from group g' to group g by elastic scattering, inelastic scatter- 
ing, and the N, 2N reaction, respectively, at position ;.
+ 0 -  - 
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If more than one nuclear species is present in a volume element a t  position ;, then 
u ( r ,  g' - g) should be a summation over all elements that are present. Similar comments 
apply to the anisotropic scattering source te rms  in equation (B2). Upscattering is for- 
mally included in the formulations indicated by equations (B2) and (B4); the index g' in 
the summations then includes all groups except g' = g. For convenience in performing 
the numerical calculations, the terms for g = g a r e  indicated separately in equation(B2). 
The various scattering out cross  sections are assumed to have the following normal- 
izations : 





Two common approximations can be obtained from equation (B2). These are the P1 
and the Po transport corrected approximations. The P1 approximation is obtained 
from equation (B2) by setting all terms for 2 1 2 to 0, then 
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The development given for equation (B1) applies for any geometry. Considerable 
simplifications can be obtained for the three one-dimensional geometries. In particular , 
for the spherical and planar geometries, only the m = 0 terms of equation (B6) are re- 
tained. This simplification corresponds to an expansion of the angular flux in a series of 
Legendre polynomials. For the one-dimensional cylinder, azimuthal symmetry condition 
permits the dropping of the sin(mcp) terms (eqs. (B6) and (B7b)) while polar angle sym- 
metry reduces the number of flux component terms still further since only those terms 
are retained for which I + m is even. Thus, for any 2 , the number of terms retained 
for one-dimensional cylindrical geometry is the integer part of 1 / 2  + 1. 
Equations for Adjoint Flux 
The equation that is adjoint to equation (Bl) is given by 
- *  
The quantity $+( r, SZ)  is termed the adjoint flux or  neutron importance. The physical in- 
terpretation of @+( r , 52) can be determined from the following considerations. Suppose 
there a re  no neutrons in a just critical reactor at the beginning (time t = 0), that is, its 
power is equal to zero. If at some position F, N neutrons of energy group g and direc- 
tion of motion are injected, then the neutrons will be distributed in the reactor after 
some sufficiently long time according to their eigenfunctions, and a definite level of power 
will  be established. This level evidently depends on the position F, energy group g, and 
direction of motion 6 and its proportional to the number of neutrons N injected into the 
reactor. Thus, the adjoint flux or  neutron importance is then a quantity proportional to 
this power level related to one neutron: 
g * -  
Power level as  t - - if N neutrons of group g and direction 5 are injected at point r 
N 
(B38) Q+g(r,a) = c 
Neutron importance is determined with an accuracy up to the multiplication constant C 









In considering the source term as given by equation (B40), the fixed adjoint source Q+( F) 
is arbitrarily assumed to be zero. 
given by 
g 
The expansion for the angular adjoint flux is similar to that for the real flux and is 
where 









g As for the real flux, the net neutron current vector J ( r ) for  the adjoint equation is given 
. 
-+ - Equations (B10) and (B44) yield the dot product of 6 and J ( r ) ,  that is, 
g 
The scalar adjoint flux @+( F) as well as the term 6 - s+( F) may be simply expressed in 
terms of the ++( r, 52). These relations are - -  g g 
g 
The static criticality factor Keff for this adjoint equation is given by 
For the P1 approximation to the source term of the adjoint equation, 
(B46a) 
(B46b) 




where cr eff( r ,  g - g) is defined by equation (B33). In addition, cr (F) must be replaced 
by the transport cross section defined in equation (B34). 
Again, two types of boundary conditions will be considered at the external boundary 
of a system. For one type of condition at R on the external surface, the angular adjoint 




+ -  -+ $g(R,51 ) = 0 
Here 6' designates the vector 6 directed out of the system. Thus, equation (B50) 
states that neutrons that leave the system do not contribute to the neutron importance. 
The mirror  reflection condition at  the surface of the system takes the form 
A s  for the flux equation, a Lambert reflection condition as well a s  mixed boundary condi- 
tions are also possible. In addition, for planar systems, periodic boundary conditions 
may also be applied. 
Equation (B37) can be cast into the form of equation (Bl) i f  
- - b  
w = -a 
Then equation (B37) can be written as 
+ -  - + -  - - w - ?$;(?, -;) + crg(?)$g(r, -w) = Sg(r, - w )  g = NG, NG-1, . . . , 1 
This equation now has the same structure as  equation (Bl). Also, note that the order in 
which the groups are solved is now reversed from thermal to fast rather than from fast 
to thermal as for the flux case. This substitution is now made in all the adjoint equations 
which involve an 6. The important conclusion is reached that finite difference equa- 
tions need be obtained for equation (Bl) only. The adjoint fluxes may be solved for by the 
same difference equations if  the following differences are noted: (1) the groups are 
solved in reverse order, (2) the source term is computed according to equation (B39), 
and (3) the angular fluxes will be given in inverted order with respect to 5. 
Discrete Sn F i n i t e  Di f ference Equations 
Equation (Bl) can be specialized for the three one-dimensional geometries. For 





Here x is the spatial coordinate, and p is the cosine of the angle between E and the 
x-axis. For spherical geometry, equation (Bl) becomes 
2 ar r 
(B 54b) 
(B 54c) 
Here r is the spatial coordinate, and 
r-axis. For cylindrical geometry, equation (Bl) reduces to 
is the cosine of the angle between 6 and the 
1 sin 8 cos cp a 8 sincpN (r,O,q) r g 
+ ( r ) N  ( r , e ,q )  = s ( r , e ,q )  o < e < E ;  o < q  < 71 (B55a) 




S ( r ,8 ,p)  = 477s ( r ,Q) (B55c) g g 
u ( r ) = u  (f) (B55d) 
Here 8 is the polar angle between 6 and the Z-axis, p is the azimuthal angle between 
the projection of 52 on the X-Y plane and the X-axis, r is the spatial position coordinate 
in a plane perpendicular to the Z-axis. If w e  s o  define the quantities 1-1 and q that 
g g 
p = sin 8 cos p (B 56a) 
77 = sin 0 sin p (B56b) 
then equation (B55a) may be put into the following convenient form: 
(B57a) 
where 
If the techniques described by Carlson (ref 4) are followed, it can be shown that the 
finite difference form of equations (B53a), (B54a), and (B57a) is given, with a proper 
definition of terms, by 
Ai+l - Ai 
2Wm 
piii(*i+l N i+l ,m - A.N. i i ,m -) + (am+lNT, m + l -  Q m Y ,  m) 
This equation is essentially the conservation equation for the phase space volume ele- 
ment. Indexes i and i + 1 refer to the edges of the spatial volume element while i 
refers to the midpoint value; similarly, indexes m and m + 1 refer to the edges of the 
angular volume element while Ei refers to the midpoint value. These relations are 
shown in sketch (a). The Ai+l and Ai are area elements while Vi is the volume ele- 
ment. For the three one-dimensional geometries, these quantities are given in the fol- 






1 .0  1 . 0  
2rri+l 2rri 




xi+l - x. 
1 
n (r:+l - r:) 
(r:+l - r:) 
Ni, m+l 
Ni, m 
Direction of increasing 
x o r  r- 
(a) p-x (or r )  phase volume 
element. 
Ni+l, ii 1 
t 
quadrature coefficients with the Wm being the associated -_- _ _  
weights. The quantities 
shown. Also UT is the total cross  section for the ith spatial interval while ST - is 
The Sn quadrature coefficients in the Gaussian set satisfy a number of conditions, 
and am are relatedto the pm and Wm as will be 
the angular source for the ith spatial interval and mth angular interval. 
1, m 
the most important ones a r e  (ref. 4) 
c w m  = 1.0 (B59a) 
m 




The first relation, equation (B59a), represents solid angle normalization. The second 
relation given by equation (B59b) indicates symmetry about p = 0 and with p = 0 spe- 
cifically excluded. The third relation is the so-called diffusion theory condition. Var-  
ious quadrature sets may be constructed that satisfy the three given conditions. 
double-P quadrature set is used, then an additional condition is satisfied: 
If a 
In reference 4, Carlson gives considerable detail concerning the construction of quadra- 
ture sets for the discrete Sn method. 
For a given Sn order n, there wil l  be n equations for slab geometry, n + 1 equa- 
tions for spherical geometry, and n(n + 4)/4 equations for cylindrical geometry. For 
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the sphere, there will be n directions with weight while for the cylinder n(n + 2)/4 di- 
rections have weight. The directions without weight are called starting directions and a r e  
obtained for the sphere and cylinder by zeroing the angular redistribution terms in the 
nonconservative forms of equations (B54a) and (B55a). The finite difference form of these 
starting equations is imbedded in equation (B58). 
The coefficients am+l and cyrn may be determined if  a configuration is so specified 
that the neutron flow is uniform. This configuration implies that all N are equal to some 
constant, and that, for each separate cell and angular interval, the net flow is zero. 
Equation (B58) must correctly describe this particular situation; this can be accomplished 
if, for this situation, the first term of equation (B58) and the associated curvature term 
are zero. Therefore, 
8 
a - a =-2w p- m+l m m m  
The first and last a! in any sequence must be equal to zero because the outer edges of 
the first and last angular intervals coincide with the singular loci on the unit sphere that 
do not contribute or  remove neutrons in the angular redistribution process. From equa- 
tion (B61), 
(B62) 
where the terms extend back to the starting point (a1 = W1 = 0). 
cell to the value of the fluxes at two adjacent edges of the cell can be obtained using var- 
ious model representation of the five fluxes in equation (B58). One of these representa- 
tions is the diamond-spatial - diamond-angular model where for p--, positive 
A recursion relation relating the value of the angular flux at the midpoint of the phase 
- = 2N7 - - N. - 
Ni+l, m i,m 1,171 
(B63a) 
= ~ N T  - - NT (B63b) 
N ~ ,  m+l 1,m 1, 
Substitution of these two equations into equation (B58) yields the desired diamond-spatial - 
diamond-angular model recursion relation: 
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The quantity A is simply the average of Ai+l and Ai for the ith spatial interval. The 
parameter (cumm is related to and am by the expression 
the parameter ( am) ,  is conveniently computed by 
and 
"8, = o for wm = o 
. (B65b) 
d 
From equation (B64), the fact is deduced that NT - will always be positive provided that 
1,m 
the source term ST - and the total cross section a i  for the given phase cell are posi- 
tive. However, use of equation (B63a) and/or equation (B63b) may lead to negative values 
for the angular fluxes used as input to the next phase space cell. Flux fix-up rules to 
prevent negative values of the angular flux will be presented later. 
Equation (B64) is used for sweeps from i to i + 1 and m to m + 1 that occur for 
positive values of pE. For negative values of pE, the sweeps will be from i + 1 to i 
and m to m + 1. However, equation (B64) will still apply i f  Ni+l,m is replaced by 
Ni,= and N. - is replaced by Ni+l,m. The same considerations apply for  equation 
(B63a). The starting equation for spherical o r  cylindrical geometry is properly imbedded 
in equation (B64); setting ( C Y / W ) ~  equal to zero accomplishes this. For the starting 




1, m+l  1,m 
For the step-spatial - step-angular model, the values of Ni+l,m and NT, rn+l are 
- = N T -  (B66a) Ni+l,m 1,111 
N ~ ,  m + l =  NT, iii (B66b) 
when pm is positive. Substitution of these two equations into equation (B58) yields the 
desired step-spatial - step-angular model recursion relation: 
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. 
From equations (B66a), (B66b), and (B67), NT,+, Ni+l ,+ and N T , ~ + ~  will always be 
positive i f  ST - and u- do not change the intrinsic positiveness of the numerator and 1,m i 
the denominator of equation (B67). 
when p z  is positive. For negative values of p,, the sweeps will be from i + 1 to i 
are replaced by Ni+l,m, N. -, Ai, and Ai+l, respectively. If (a!/W), is set equal to 
zero, the step model starting equation for spherical and cylindrical geometries is prop- 
erly imbedded in equation (B67). 
In addition to the diamond and step models previously discussed, mixed models may 
be constructed. One of these models uses a diamond spatial and a step angular represen- 
tation. For this model, the values of Ni+l,m and N T , ~ + ~  are given by 
Equation (B67) is used for sweeps from i to i +  1 and from m to m + 1 that occur 




for p- positive. Substitution of these two equations into equation (B-3) yields the 
diamond-spatial - step-angular model: m 
Equation (B69) will always be positive if  ST - and U T  do not become negatively large 
1,m 
and thus change the inherent positiveness of the numerator and the denominator of equa- 
tion (B69). However, N i + l , ~  in equation (B68a) may give a negative value for use in the 
next phase space cell. 
Equation (B69) is used for sweeps from i to i + 1 and from m to m + 1 that 
occur when I-(- is positive. For negative values of pm, the sweeps will be from i + 1 m 
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Ni+l, G 9 Ai+l 9 to i and from m to m + 1. However, equation (B69) applies i f  Ni, m, 
and Ai are replaced by Ni+l,m, Ni ,m,  Ai, and Ai+l, respectively. The starting equa- 
tion is obtained from equation (B69) i f  the second term of both the numerator and the de- 
nominator are set to zero. 
and a diamond-angular representation. For this model the values of Ni+l,m and 
‘T, m+l 
* 
Another type of mixed model has also been considered. This type uses  a step-spatial 
are  given by 
Ni+l,iii = N T , ~  (B70a) 
(B70b) 
for p m  positive. Substitution of these two equations into equation (B58) yields the step- 
spatial - diamond-angular model: 
Equation (B71) will always be positive i f  S-: - and 07 do not become negatively large 
and thus change the inherent positiveness of the numerator and the denominator. Equa- 
tion (B7Ob), however, may give a negative value for NT for  use in the next phase 
cell. 
Equation (B71) is used for sweeps from i to i + 1 and from m to m + 1 for p m  
positive. For negative values of p,, the sweeps will be from i + 1 to i and from m 
to m + 1. Equation (B71) applies, however, i f  Ni ,m,  Ni+l,m, Ai+l, and Ai are re- 
placed by Ni+l ,m,  Ni,m, Ai, and Ai+l, respectively. The starting equation for this 
step-spatial - diamond-angular model is given by 
1,m 
1, m+l  
where po is the initial unweighted direction. For this starting equation, Ni, 
and NT = N T , ~ .  1,m 
= N:, o y  
Of the four recursion relations discussed, the diamond-spatial and diamond-angular 
representation appears to be the most accurate and useful. Since negative values of 
can be generated by equation (B63) used in conjunction with Ni+l,iii? Ni,iii, and N-i,m+l 
equation (B64), provisions must be made to eliminate these negative values. The negative 
value is zeroed, and equation (B58) is adjusted to preserve the neutron balance. Flux 
fix-up equations can be derived on this basis. 
is negative by equation (B63b), then it is set equal to zero. With this 




N i + l , g  = 2N: - - N. - i ,m  i , m  (B73b) 
NT (B73c) i , m + l =  O 
Equation (B73a) applies for p m  positive. If p- is negative, then N i , m ,  Ni+l,m, Ai, 
and Ai+l are replaced by Ni+l,m, N. l , m ,  - Ai+l, and Ai, respectively. 
Ni+l, m 
following result for NT - to preserve the neutron balance: 
m 
If p~ is positive and Ni+l,m, as computed by equation (B63a), is negative, then 






If p- is negative and Ni,= computed by an extrapolation formula similar to equa- m 
tion (B63a) is negative, then N. - is set to zero. With this quantity equal to zero, 
1,m 
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equation (B58) will now yield the following result for NT - to preserve the neutron bal- 
ance : 
1, m 
NT + S- -V. i , m  i , m  1 
N-: - = (B75a) 1,m 
also, 
N. - = 0  (B7 5b) 1,m 
If p~ is positive and both NT, m+l and Ni+l,m are negative as computed by 
equations (B63a) and (B63b), then N T , ~ + ~  and Ni+l,m are set equal to zero. With 
both of these quantities zeroed, equation (B58) will now yield the following result for 
N 7  - to preserve the neutron balance: 
1,m 
also, 
Ni+l ,G = O (B76b) 
N- i , m + l =  o (B76c) 
Note that in equation (B76a) a i  must not be zero. 
If p- is negative and both N T , ~ + ~  and N. - are negative as computed by equa- 
tions (B63a) and (B63b), then both N T , ~ + ~  and N. - are set equal to zero. With both 
of these quantities zeroed, equation (B58) will now yield the following result for N T , ~  





N. - = O  
1,m 
'T, m+l = O 
Note that in equation (B77a) OT must not be zero. 
Solution Techniques for Sn Equations 
(B77b) 
(B77c) 
The finite difference form of equation (Bl) and either equation (B64) or  (B67) is 
solved for the real  flux starting with the highest energy group (group 1). If no fixed 
source is present, a fission neutron distribution is assumed (eq. (B25)). This fission 
distribution is normalized to a given number of neutrons. The source for the group is 
computed, and the scalar flux is obtained as the solution to an inhomogeneous problem. 
The solution proceeds to the next group in a s imi la r  manner. Finally, when all groups 
have been computed for the scalar flux, a new fission neutron distribution is computed. 
The process is repeated until the input fission neutron distribution satisfy a convergence 
criterion. Each cycle of the calculation is referred to as an outer iteration. 
fission neutron distribution. If upscattering is present, scaling of the fluxes in those 
groups to which neutrons upscatter improves the convergence of the fission neutron dis- 
tribution. This scaling of the fluxes ensures that the neutron conservation criterion is 
satisfied. 
The static criticality factor Keff can be determined after each outer iteration. After 
convergence has been reached for a given set of system parameters, a parameter may be 
so varied that a specified condition may be achieved. This parameter may be the thick- 
ness of a region, the atoms per cubic centimeter of an element in a given region, the 
height of a cylindrical system, or some other variable chosen as the eigenvalue of the 
given system. 
The solution for a given group g of equation (B64), o r  the other equations that cor- 
respond to various model representations, for the scalar flux and higher moments of the 
surface spherical harmonics representation of the group angular flux is obtained by per- 
The techniques of overrelaxation may be applied to accelerate the convergence of the 
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forming inner iterations. The equations corresponding to a given Sn order and geometry 
are solved in a follow-the-neutron scheme. Boundary conditions are applied at  the right 
boundary of the system, and the equations are solved recursively for negative values of 
and for  decreasing values of x (or r) until the origin is reached. After solutions for  
all the negative values of p~ are completed, boundary conditions are applied at the ori- 
gin, and the equations are solved recursively for  positive values of p m  for  increasing 
values of x (or r ) .  A complete cycle of calculation for all values of p, is called an 
inner iteration. 
After a complete inner iteration, the within group part  of the source is updated, and 
the calculation is repeated. Both acceleration and scaling techniques are employed to 
speed the convergence process. Inner iterations are continued until the pointwise scalar 
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4 6 
(a) Groups 1 to 7. 
8 10 
Radius, cm 
(b) Groups 8 to 16. 
Figure 1. - Relative real flux for ZPR-1 with 0.0889 centimeter (35 mil) cadmium shell between 1.86024 to 1.9491 centimeter from the 
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(d) Groups 21, 23, 24, 27, and 29. 
Figure 1. -Continued. 
45 
(el Groups 25, 26, and 28. 
7 Group Neutron energy, 
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(f) Group 30. 
Figure 1. - Concluded. 
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(a) Groups 1 to 12. 
Figure 2. - Relative adjoint flux for ZPR-1 with 0.0889-centimeter (35 mil) cadmium shell from 1.86024to 
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TABLE V. - CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 






















7 1  
27 
73 
7 4  
25 
7 6  





I .  70871 70 
I. 7934610 


















































7 2  
2 3  
7 4  
7 5  
26 
27 
7 A  
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SALT IN WATER FUEL SOLUTION 
[Atom ratio of hydrogen to uranium 235; 500. ] 
(a) Group split A 




1.21 0 86 70 









3.36601 6 0  
4.1368900 
6.4499630 














i . 3 0 8 5 ~ 2 0  
NGOS 22 
SIGSOIG-GI 
2.  5947130 
2.3438830 








6 - 3 1  7502 0 
6.2 R 9 3  100 


















NGF IO NGOST 1 N G O S P I  
S I C S 1  IC-GI  





























































NGF 15 NGDST 1 NGDSPI  
SIGSIIG-GI S I G A  























0.2 3204 80 






3 . 0  133990 
0.0126740 
0.9141460 
0.0 15 1690 


























































1 NGUS 1 

























































































- 0. - 0. 
-0. 
S I C T R  
1.1481710 
1.2344840 
I .  4 1 4 8670 
1.5692620 
1.6982990 























1 - 42 33880 
1.5265800 
I 






























6.94 972 1 o 
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TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
ELFMENT 3 UJZFZ 
GROUP S I G  
1 0.1028220 
2 0.1141170 







i n  n. 424341 n 
11  0.4955380 
17 0.7371570 
1 3  0.6388330 
1 4  0.7089180 
1 5  0.78P6910 
1 6  0.8 779750 
18 1.1771 330 
1 9  1.3374690 
m 1.4099930 
2 1  1.4331240 
27 1.4529680 
7 3  1.465371 0 
2 4  1.4716370 
25 1.4849120 
76 1.49426YO 
77 1. 50 79290 
7 8  1.5209730 
30 2.9997590 
1 7  0.99303 70 
29 1.5685390 
ELEMENT 4 8- 10 











I 1  
12 
1 3  
14 
15 
1 6  
17 
18 
1 9  
7 1  
77 
2 3  
2 4  
7 5  
96  
27  
? 8  


































N G D S  2 9  
SALT IN WATER FUEL SOLUTION 
[Atom ratio of hydrogen to  uranium 235; 500. ] 
(a) Continued. Group split A 
SIGSO(G-GI 
0.02 3 92 3 0 
0.0 30 7430 
0.0436410 
0.04923 90 


























N G D S  7 0  






























I .  8024030 
































8 )  S I G A  






























NGF 9 NCOST 2 NGMPI  
S l G S I  I G - G )  SIGA 
1.7667170 















1.385 11 3 0  
0.691 8390 










































29 NCUS 1 































2 NCUS 1 































Y S T A R T  2 9  
ALPHA 
0.0 01 0407 
0.0072417 


























- 0 .  
-0. 



















- 0. - 0. 
-0. - 0. - 0. 







S I G T R  
0.0856900 
0.0 92 1 6 9 0  
0.1036770 
0.1215240 
0.15 535 10 
0.1411710 
0.1606040 
0.20 0322 0 
0.2251450 
0.2488040 

















































7 8  1.2099457 
2 748.1600098 
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TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTION 
[Atom ratio of hydrogen to uranium 235; 500. ] 
(a) Continued. Group split A 
P I 0 1  TRANSFER H A T Q I X  AL 
FRnY 1 2 
TO 
1 0. 0.  
2 1-82581E-01 0. 
3 8.67240E-02 2.38478E-01 
4 1.051h3E-01 l . l l 8 2 9 E - 0 1  
5 1.042306-01 1.21978E-01 
6 8.RR160E-02 1.11648F-01 
7 6.76040E-02 8.96370E-02 
R 4.73040E-07 6.526LOE-02 
9 3.109106-02 4.4177OF-02 
10 1.9505OF-02 2.83290E-02 
11 1.1821OE-02 1.74500E-02 
12 6.983006-03 l .n4330E-02 






1 9  
20 
2 1  
2.3 13OOE- 03  
1.308OOE-03 
7.34000F- 0 4  
5.75000E- 04 

























9.63 3 OOE-03 
5.581 00E-03 
3.188OOE-03 






2 7  0. 
23 0. 
24 0. 
7 5  0. 
26 0 .  
77 0.  
28 0. 
7 9  0.  






















0 .  
0. 
0. 




9 0. 0. 
10 4.92753E-01 0. .. 































































0 .  
1 2  2.90000E-05 0. 7.01 163E-01 0. 
0. 
0. 
0 .  
0 .  
0 .  
4.41712 E-0 1 
1.19809E-0 1 
6.15950E-02 
9.93460 E-0 2 
1.24 33 7 E-0 1 
5.90770E-02 
3.91910 E-0 2 
















0 .  
0. 




0 .  
0 .  
0. 
0.  








0 .  
0 .  
0. 
0 .  
























































0 .  
0. 
0 .  






















0. 13 1.42310E-02 0 .  0. 8.35446E-01 0 .  












7.6 1870E- 02 
9.47040E-02 
5.3 0490E- 02 
3.04220E-02 
1.78580E-02 













































3 0  
1.81740E-02 
7.6499OF-02 
7 - 8  R100F-02 
















2. OOOOOE- 04 








0 .  
0. 
0 .  


































0 .  
0 .  
0 .  
0 .  
0 .  




0 .  
0 .  
0 .  
0. 
0. 




0 .  
0 .  












































TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTION 
[Atom ratio of hydrogen to uranium 235; 500. J 
(a) Continued. Group split A 










































































1 0  0. 
11 0. 
12  0. 
13  0. 
15 0. 
1 6  0. 
1 7  0. 
1 4  n. 
















































































18  2.38780E-01 0. 
19 n. 
2 1  n. 
20 0. 





2 1  0. 














12  0. 
1 4  0. 
I 5  0. 
16 0. 
17  0. 










































































































































































































0 .  
n. 
n. 
26 1.01653E-01 0. 
77 0. 1.00993E-01 0. 0. 
1.01307E-01 0. 
0. 1.01378E-01 0. 
28 0. 
7 9  0. 
0. 
n. 
0. 0. 9.90350E-02, 0. 
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TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTION 
[Atom ratio of hydrogen to uranium 235; 500. ] 
(a) Continued. Group split A 
P I 0 1  T R A N S F E R  M A T a I X  CO 
FROM I 2 3 
TO 
1 0. 0. 0. 
2 7.29460E-07 0 .  0. 
4 2.69348E-01 1.33245E-01 1.09644E-01 
5 4.84565E-01 2. R4540E-01 1.33585E-01 
6 6.46 2 3  I E -  01 4.31 844E- 01 2.3 7 941 E-01 
7 6.87867E-01 5.06547E-01 3.14887F-01 
8 6.18265E-01 4.89679E-01 -4.33207E-01 
9 4.897qOF-01 4.09457E-01 2.981646-01 
10 3.529h2E-01 3.07308F-01 2.35377E-01 
I 1  2.37153E-01 2.12790E-01 1.69231E-01 
12 1.51737F-01 1.38771E-01 1.13495E-01 
1 3  9.27770E-02 8.6556OE-02 7.7277OE-02 
1 4  5.52990E-02 5.2232OF-02 4.4294OE-07 
1 5  3.2764OE-02 3.07550E-02 7.63810E-02 
16 1.852 9OF-07 1.77820E-07 1.53 830E-02 
17 1.4828OF-07 1.4315OE-02 1.24780E-02 
18  7.77500F-03 7.55200E-03 6.63400E-03 
19 1.08500E-03 1.05900E-03 9.35000E-04 
77 1.4ROOOE-04 1.45000E-04 1.29000E-04 
2 1  2.00000E-05 2.00000E-05 1.80000E-05 
2-4 0. 0. 0. 
3 I . O ~ R ~ A E - O ~  9.7n840E-02 0. 










3.28183 E-0 1 
2.73995E-01 
2-05 394 E-01 
1.42094E-01 
9.26050E-02 










7 4  0. 0. 
75 n. 0. 
76 0. 0 .  
77  0. 0. 
78 n. n. 
2 9  n. 0 .  













2.38399 E-0 1 
2.37802 E-0 1 
3.13412E-01 
3.33644E-01 
2 .9521 lE-01 
2.3 2662 E-0 1 
1.67076 F-0 1 
1.1 1949 E-0 1 
7.12460E-02 
4.36400 E-02 
2.59820 E-0 2 
2.14660E-02 






0 .  













5 0 .  
6 0. 
7 0. 
8 0.  
9 0. 
i n  3 . 5 4 8 9 1 ~ - 0 1  
11 1.87956E-Pl 



























0 .  
0 .  
0. 
2.9 7 2  84E- 0 1 
2.63381E-01 
3.067 13E-0 1 
2.94878E-01 

























n. 12 1.66919F-01 1.59903E-01 3.71114F-01 0. _ _  _. 
13 1.31031E-01 1.32942E-01 1.10097E-01 3.85647E-01 0. 0.  



































































1 5  






2 7  
2 3  
7 4  
25 
7 h  
77  
28  
7 9  
30 
6.777 5nE- 02 














































5. n i  O O O E - O ~  
5.04630E-02 
3.48440 E-02 
3 .ZR42O E-02 
2.03700E-02 
3.22000E-03 











3.84660 E - 0  2 
2.75 130E-02 







0 .  
0 .  

















































1.8 1351 E-01 






























































1 2  n. 
9 0. 
10  0. 
13 0. 
1 4  0. 
15 0. 
I h  0. 
i r  0. 


















18 2.2786hE-01 0. 
19 0. 





? 7  0. 
20 n. 
22 n. 




















i r  0. 
20 n. 




21  0. 
2 7  0. 
2 4  0 .  
7 5  0. 






















































0 .  
n. 
26  7.h0670E-02 0. 
27  0. 
7 8  0.  
29 0. 
SALT IN WATER FUEL SOLUTION 
[Atom ratio of hydrogen to uranium 235; 500. J 
(a) Continued. Group split A 








































8.45540E-02 0. 0. 




















































































































0 .  
6.00220E-02 0 .  0. 
1.69590E-01 0. 0. 





























































7.03010E-02 0. 0. 
0. 7.05200E-02 0. 











0 .  































30 0. 0. 0. 0. 1.55112E-01 0. 
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TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTION 
[Atom ratio of hydrogen to uranium 235; 500.1 
(a) Continued. Group split A 
P I  01 T R A N T F E R  HATR I X  U02F2 
F R O M  I 2 3 
T O  
1 n. 0. 0. 
2 1.9211OF-02 0. 0. 
4 9.54700E-03 1.25130E-02 3.40510E-02 
6 5.53900E-03 6.90700E-03 1.15310E-02 
7 4.06800F-03 5.13500E-03 8.56100E-03 
9 2.108OOE-03 2.83900E-03 4.725OOF-03 
3 i . 2 0 4 4 0 ~ - 0 2  7 . 7 6 8 1 0 ~ - 0 ?  0. 
5 7 . 3 7 3 0 0 ~ - 0 3  9. ~ O O O O E - O ~  1. S ~ ~ I O E - O ~  
8 2 . 9 4 2 0 0 ~ - 0 3  3 . 8 1 9 o o ~ - n 3  6 . 3 6 0 0 0 ~ - 0 3  
I O  I . ~ o ~ o o E - ~ ~  2.  i o 7 o o ~ - n 3  3 . 5 0 7 0 0 ~ - 0 3  
1 I i . n 7 3 0 0 ~ - 0 3  i . 5 6 1 0 0 ~ - 0 3  Z . S ~ ~ O O E - O ~  
17 ~ . ~ A o o o F - ~ ~  i . i 5 5 0 0 ~ - 0 3  1 . 9 2 5 0 0 ~ - 0 3  
1 5  ~ . E A O O O E - O ~  4 . 6 6 0 0 0 ~ - 0 4  7 . 7 9 0 0 0 ~ - 0 4  
16 2. I O ~ O O F - O ~  3 . 4 4 0 0 0 ~ - 0 4  5.  ~ ~ O O O E - O C  
17 ~ . ~ ~ o o o F - o ~  1. A ~ O O O E - O ~  6 . 4 6 0 0 0 ~ - 0 4  
19 ~ . O O O O O F - O ~  I . ~ ~ O O O E - O ~  2 . 3 1 0 0 0 ~ - 0 4  
7 1  i . i n n o n ~ - c 5  I . ~ O O O O E - O ~  3. IOOOOE-05 
2 7  4 . n n o n o ~ - o 6  7 . 0 0 0 0 0 ~ - 0 ~  I.~OOOOE-O~ 
21 I . O O O O O F - O ~  3 . o n 0 0 0 ~ - 0 6  4 . 0 0 0 0 0 ~ - 0 ~  
74 i .oonon~-o6 I . ~ O O O O E - O ~  Z . O O O O O E - O ~  
13 5.51000E-04 8.54000E-04 1.42400E-03 
14 1.98000E-04 h.31000E-04 1.05300E-03 
18 7.72000E-04 3.75OOOF-04 6.28OOOE-04 
20 7-9OOOOF-05 5.10000E-05 8.50000E-05 
25 n. n. I. 00000E-06 
76  0. 
27 0. 














5 0 .  

















2 3  
24 
25 




4.5 1930E- 0 2  











1. I O I ~ ~ E - O ~  
7 . 4 0 0 0 0 ~ - 0 5  







































I .  60 180E- 02 
1.801 5OF-02 




8 . 7 4 o n n ~ - o 4  
I .  I R O O O E - O ~  
4 . 4 o o o o ~ - n 5  
L . ~ O O O O F - O ~  






















5. I O O ~ O E - O ~  
6 .  ~ O O O ~ E - O S  
9. ooonoE -06 
4 










4.276 OOE -03 
3.16700E-03 
2.34400E-03 




















0 .  
0. 























0 .  
0 .  
0. 


























2.0000 OE -06 
1.00000E-06 
0. 
~ . ~ o o ~ o F - o ~  
~ . O O O ~ O E - O ~  
0 .  
0 .  
0 .  
0. 
0 .  
0 .  
0 .  
0 .  







6.30 180 E-0 2 
7.072 10 E-02 
6.88150E-02 
2.5 3090E-02 
9.31 100 E-03 











0 .  
0 .  
0. 
0. 
0 .  

























1 4  
0. 
0 .  
0. 
0 .  
0. 
0. 
0 .  
0. 
0.  
0 .  
0. 
0. 
0 .  
































































































































































l h  0. 
17 0. ~. 






































1 9  1.59708E-01 4.35614E-01 0. 
SALT IN WATER FUEL SOLUTION 
[Atom ratio of hydrogen to uranium 235; 500. ] 
(a) Continued. Group split A 




















70 5.87520E-07 1.55291E-01 5.00164E-01 0. 
71 2.16130E-02 
7 3  2.92500E-03 
24 1.07600E-03 
27 7 . 9 5 i ~ o ~ - n 3  
25 3. 9 6 0 0 0 ~ - 0 4  
26 I . ~ ~ ~ o o E - o ~  
2 1  ~ . + ~ o o o E - o ~  
7 9  ~ . o ~ ~ o o E - o ~  
78 2.00000E-05 
3’) 4.00000E-06 
F R O Y  25 











1 2  0.  
1 4  0. 
15 0. 
1 6  0. 











3 0  1.55970E-07 
n. 
1 3  0. 
17 n. 
74 n. 
5.71 780E-02 1.78951E-01 
2.10160E-02 6.58320E-02 
7.73 100E-03 2.421 8OE-02 
2. 84400E-03 8.90900E-03 

























































































5.28622 E-0 1 
1.89097E-01 







































2 1  
0 .  
5.368 12E-0 1 
1.9 2847 E-0 1 
7.06500 E-02 
2.599 10 E-0 2 
9.56100E-0 3 































3 .  
0 .  



































































0. 0 .  
5.43935E-01 0. 0. 
1.94629E-01 5.48147E-01 0. 
7.16000E-02 1.96166E-01 5.50283E-01 
2.63400E-02 7.21650E-02 1.96958E-01 
9.69000E-03 2.654806-02 7.24570E-02 
3.56500E-03 9.76700E-03 2.66550E-02 
1.31100E-03 3.59300E-03 9.80600E-03 




























0 .  
0 .  
9.11000E-04 
0 .  
TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTION 
[Atom ratio of hydrogen to uranium 235; 500. ] 
(a) Continued. Group split A 
PI01 TRANSFER M A T R I X  R-10 
FROM 1 2 3 
TO 
1 n. 0. 0. 
2 3.34741E-01 0. 0. 
3 1.09145F-01 3.49756F-01 0. 
4 9.02500E-02 A .  19760E-02 3.80423E-01 
5 7.1203OF-02 5.7144OF-02 6.97120E-02 
7 3.4708OF-02 7.96230E-02 2.67410E-07 
9 1.33A40E-02 1.20330E-02 1.13710E-02 
I n  7.97000E-03 7.25800E-03 6.959OOE-03 
h 5 . 1 1 7 2 0 ~ - 0 2  ~ . z B ? ~ ~ E - o ?  3. ~ ~ I ~ O E - O Z  
9 2 . 1 ~ 4 3 0 ~ - 0 2  I . ~ ~ o ~ o E - o ~  1. 7 8 8 9 o ~ - n 2  
11 4 . 6 4 7 0 0 ~ - 0 3  4 . 2 7 2 0 0 ~ - 0 3  4. ~ ~ O O O E - O ~  
12 2 ROOF- 0 3  7 . 4 7 0 0 0 ~ -  0 3  2.4 I 3 0 0 ~  -03 
14 8 . 5 i o n o ~ - o 4  7 . 9 5 0 0 0 ~ - 0 4  7. ~ ~ O O O E - O ~  
15 4 . 7 h o o o ~ - n 4  4 . 4 6 0 0 0 ~ - 0 4  ~ . C ~ O O O E - O C  
16 7 . 6 5 0 0 0 ~ - 0 4  2 .490r10~-04 2 . 4 7 0 0 0 ~ - 0 4  
17 2 . 0 6 0 o n ~ - o 4  ~ . ~ ~ o o o E - o ~  ~ . ~ O O O E - O C  
18 1 . 0 5 0 o n ~ - n c  9 . 9 0 0 0 0 ~ - 0 5  9. ~ O O O O E - O ~  
19  ~ . ~ O O O O F - O ~  1 . 4 n o n 0 ~ - 0 5  I . ~ O O O O E - O ~  
20 7 . o n n o n ~ - o 6  2.  OOOOOE-06 2. OOOOOE-06 
13  1.513OOF-03 1.40800E-03 1.384OOE-03 





















2 .03000 E-06 




0 .  
0 .  
6.95450 E-01 
1.17471 E-0 1 
7.3 1400 E-03 









4.930 00  E-05 
1.03000 E-06 
0 .  
7 . n o o o o ~ - o 6  
27 n. 
7 4  n. 
2 3  0. 





































0 .  
0. 
0. 
9.5 3768E- 0 1 
1.008 7 1E-0 1 






















9 0.  
10 1.15977F 00 
1 1  A.64800E-02 
12 1.00000E- 05 
13  6.0000OE-06 







































0. 0 .  
0. 0. 
1.94795E 00 0. 
0. 
0. 





0 .  
0. 
0. 























7 3  
74 
7 5  





















































































.01 2.06910E 00 
1.29702E-0 1 















1.92670E 00 0. 
1.17398E-01 1.73424E 00 
0. 0. 
0.  0. 
0. 0. 
0. 0. 
0.  0. 
0.  0. 
0.  0. 
0. 0. 
0. 0. 
































































































TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTION 
FROM 










10  0. 
1 1  0. 
13 0. 
1 2  n. 
1 4  n. 
15 n. 

































[Atom ratio of hydrogen to uranium 235; 500. ] 


















17  0. 0. 0. 0. 
1 8  R.80784F-01 0. 0. 0. 
3.11207E-01 0. 0. 
0. 6.10653E-01 0. 
19  0. 
70 0. 





2 1  0. 
28 0. 














12  0. 
13  0. 
1 4  0. 
1 5  F. 
16  0. 

























































































































































































0. 0. 0. 
0. 0. 0. 
7.64173E-01 0. 0. 
0. 7.65693E-01 0. 
0. 0. 7.65352E-01 
0. 0. 0. 
0 .  0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 









































































0. 0. 0. 0. 0. 
26 7.64917s-01 0. 0. 0. 0. 0. 
27 0. 7.60940s-01 0. 0. 0. 0. 
7~ n. 0. 7.62974E-01 0. 0. 0. 
79 0. 0. 0. 7.63467E-01 0 -  0. 
0. 7.47149E-01 0. 30 0. n. 0. 
TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTION 
[Atom ratio of hydrogen to uranium 235; 500. ] 
(a) Continued. Group split A 
P I  1) TRAYSFFR Y A T R I X  A L  
FRO9 I 2 3 
TO 
1 n. n. n. 0. 














13  n. 
1 4  n. 
16 n. 
19  n. 
20 n. 
21 n. 








22  0. 















i n  - 2 . 3 4 7 2 o ~ - n i  
11 n. 
13 n. 
1 4  0. 
12  0. 
15 0. 
16 0. 
1 7  0. 
1.3 0. 
1 9  n. 
P. 
7 3  n. 
7 6  n. 
27 n. 
30 n. 
71 Q .  













































































0 .  
0. 
0 .  
0 .  
0 .  







10 11 12  
0 .  
0 .  
0. 
0 .  
0. 
0. 
0 .  
0 .  
0. 
0 .  
0. 
0. 
0 .  
0 .  
0. 
0 .  
0. 
0. 
0 .  
0 .  
0 .  
0 .  
0 .  
0. 







































































0 .  
0 .  
0. 
0. 

























0 .  
0. 
0 .  
0 .  
0.  
0 .  
0 .  
0. 
0 .  
0. 
0 .  
0 .  





0 .  
0. 
0 .  
0 .  







0 .  
0. 
0. 





0 .  
0 .  
0 .  
0. 
0 .  
0. 
0. 












- I .  37 149E-01 
14  
0 .  

























































0 .  0. 0. 
0. 0. 0. 
0 .  0. 0. 
0 .  0. 0. 
0 .  0. 5 '  0. 
0. 0. 0. 
-8.24149E-01 0. 0. 
0.  -1.73827E W-4. - 
0. 0. -9.27291E-01 
0. 0. 0. 
0 .  0. 0. 
0 .  0. 0. 
0. 0. 0. 
0. 0. 0.  
0 .  0. 0. 
0. 0. 0. 
0 .  0. 0. 
0. 0. 0. 
0. 0. 0. 
0 .  0. 0. 
0 .  0. 0. 
0 .  0. 0. 
.I 
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7 0 .  




1 2  0 .  
13 0 .  





































17 0. 0 .  0. 
18 - 2 . 5 4 5 5 3 E - 0 1  0. 0. 
1 9  0 .  -3 .71260E-07 0. 
70 0. 
21 0 .  
22 0 .  
2 3  0. 
2 4  0. 
2 5  0. 
2 6  0. 
27 0.  
7 R  0. 
29 0. 




3 0 .  
4 0 .  
5 0 .  
6 0. 






1 4  0 .  
15 0. 
16  0. 
17 0. 
1 R  0. 
1 9  0 .  
20 0 .  
21  0 .  
22 0. 
7 3  0 .  
24 0. 
7 5  0 .  
TO 
11  n. 
0. 
0. 


































0 .  
26 - 9 . 5 7 1 9 0 E - 0 2  0.  
SALT IN WATER FUEL SOLUTION 
[Atom ratio of hydrogen to uranium 235; 500. ] 
(a) Continued. Group split A 











































































































0 .  
0. 
0 .  
0. 
0. 
0 .  












































































2 4  
-9 .41690E-02 0. 0. 0. 
-9 .47850E-02 0. 0. 
0 .  -9 .54000E-02 0. 














































0. -9 .54450E-02 0 .  





































TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTION 
[Atom ra t io  of hydrogen to uranium 235; 500. ] 
(a) Continued. Group spl i t  A 
P (  1 I T R A N S F F R  M A T R  I X  C O  
FR'IY 1 2 3 4 5 6 7 8 
rn 
1 0. 0 .  0. 0 .  0 .  0 .  0. 0. 









11 0.  
1 4  0.  
1 2  n. 
1 3  -. 
1 5  0. 
1 6  0. 
1 7  0. 
19 0.  
21 0. 
2 7  r). 
? 4  0. 
26 n. 
7 7  0. 
7 R  0. 
79 0. 
30 0. 
I A  n. 
7n 0. 
7 3  n. 
7 5  0 .  
FQOY 9 
i n  
1 0 .  
7 0 .  
4 0 .  














0 .  
0 .  










0 .  








0 .  
0 .  
0.  
0. 
0 .  
0 .  
n. 
1 "  - 4 . 7 1 3 3 O F - 0 7  0. 
3 . 1 7 4 0 0 E - 0 2  0. 0.  0 .  
1 . 4 2 0 0 0 E - 0 4  0 .  0. 
- 1 . 4 5 7 2 0 E - 0 7  0 .  
0 .  
0 .  
















































0 .  
0 .  






0 .  
0 .  
0.  
0 .  
0 .  
0 .  
0 .  
0 .  
0.  
0 .  
0 .  





0 .  
0 .  
0.  
0. 
0 .  
0 .  
0 .  
C. 
0. 
1 7  0. 0. - 1 . 0 5 3 0 7 E - 0 1  0 .  
- 3 . 5 3 1 3 0 E - 0 2  0 .  0. 0. 
0 .  
0 .  
0 .  
0. 
0. 
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0. 
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0. 
0 .  
0 .  
0.  
3 .  
12 
0 .  
3 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0.  
- 3 . 8 5 7 0 0 E - 0 2  0. 0. 
0. - 4 .  3 5 8 3 0 E - 0 2  0. 
0 .  0. - 4 . 6 2 2 2 0 E - 0 2  
0 .  0. 0. 
0 .  0. 0. 
0.  0. 0. 
0. 0. 0. 
0 .  0. 0. 
0 .  0. 0. 
0 .  0. 0. 
0 .  0. 0. 
0 .  0. 0. 
0. 0. 0. 
0. 0. 0. 
0 .  0. 0. 
0 .  0. 0. 
0 .  0. 0. 
0 .  0. 0. 
0. 0. 0. 
0 .  0. 0. 
0 .  0. 0. 
0.  0. 0. 
0 .  0. 0. 
0. 0. 0. 
1 3  1 4  1 5  16 
1 3  9. 
1 4  0. 
1 5  P. 
1 7  0.  
18 0 .  
19 0.  
2 1  0. 
2 7  0. 
7 1  P. 
7 4  0. 
16 n. 
2 0  0.  
75 n. 




3 0  0. 
0. 
0. 
0 .  
0. 
0. 
0 .  
0 .  






0 .  
0 .  
0. 
0 .  



















- 1 . 3 5 7 7 2 E - 0 1  3.  
0. - 2 . 0 1 0 3 4 E - 0 1  
0 .  0. 
0. 0 .  
0 .  3 .  
0. 0 .  
n. 0 .  
0 .  0 .  
0.  0. 
0 .  0 .  
0 .  0. 
0. 0.  
0.  3 .  
0 .  0 .  
0 .  0 .  
0.  0 .  
0.  0 .  
0 .  n. 
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0. 
0 .  
0.  
0 .  
0 .  
0 .  
0 .  
0. 
- 2 . 4 6 6 5 5 E - 0 1  
0 .  
0 .  
0. 
0 .  
0 .  
0. 
0 .  
0 .  
0 .  
0 .  
0 .  
0. 
0 .  
0 .  
0 .  
0. 
0. 











0 .  
0. 
0. 











































- 3 . 1 8 7 1 4 E - 0 1  
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TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTION 













1 4  0. 
17 n. 
10 0. 

























22 0 .  
73 0. 
74 0. 
7 5  0. 
26 0. 












4 0 .  
9 0. 
T f l  




14  0. 
15 0. 





21 0 .  
27 0 .  
7 3  0. 
7 4  0. 
[Atom ratio of hydrogen to uranium 235; 500.1 
(a) Continued. Group split A 


















































0 .  
0. 
0. 0. n. 
-7.5361oE-02 0. 
-9.78830E-02 0. 0. 0. 













































































































25 0. 0. 
26 -7.2466OF-07 Q .  0. 
27 0. -6 .68790E-02 0. 






















































3 .  



































































































3n n. 0. 0. 0. -1.46300E-01 0. 
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TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTION 
[Atom ratio of hydrogen to uranium 235; 500. ] 
(a) Continued Group split A 
P( 1 )  T R A V 5 F E R  MATR IX 1102F 2 
FR’JY 1 2 3 
TO 
1 0. 0. 0. 
2 3.66340E-02 0.  0. 
3 2.241 50E-02 4.75840E-02 0. 
5 9.113OOF-03 l.f l1580E-02 3.49710E-02 
6 5.811OOF-03 1.15780E-02 2.22990E-02 
4 i . 4 2 9 2 0 ~ - 0 2  2.  ~ 4 7 7 o ~ - n 2  5 . 1 4 8 2 0 ~ - 0 2  
7 3 . 7 0 5 0 0 ~ - 0 3  7 . 3 8 7 0 0 ~ - 0 3  i . 4 2 1 8 0 ~ - 0 2  
a 2 . 3 6 2 0 0 ~ - 0 3  4 . 7 0 7 n o ~ - n 3  9. O ~ ~ O O E - O ~  
9 1.50hOOE-03 3 . 0 0 1 0 0 ~ - 0 3  5 . 7 8 1 0 0 ~ - 0 3  
i o  9 . h i o n 0 ~ - 0 4  i . 9 1 4 0 0 ~ - 0 3  3 . 6 8 6 0 0 ~ - 0 3  
1 1  6 . 1 2 n o n ~ - w  1 . 2 2 0 0 0 ~ - 0 3  2 . 3 5 0 0 0 ~ - 0 3  
1 2  3 . 9 i o o o ~ - n 4  ~ . ~ ~ o o o E - o ~  i . 4 9 9 0 0 ~ - 0 3  
1 3  7 . 4 9 0 0 0 ~ - 0 4  4 . 9 6 0 0 0 ~ - 0 4  9. ~ ~ O O O E - O ~  
14  ~ . S ~ ~ O O E - O ~  3 .  ~ O O O E - O ~  6 . 0 9 o o n ~ - 0 4  
16 ~ . ~ o o ~ o E - o ~  ~ . ~ ~ O O O E - O C  7 . 4 8 0 0 0 ~ - 0 4  
17 6 . n o o n o ~ - m  1 .  ~ ~ O O O E - O ~  ~ . ~ O O ~ O E - O C  
18 ~ . ~ O O O O E - O ~  . ~ O O O O E - O ~  1 .  ~ O O ~ O E - O ~  
19 ~ . ~ O O O O E - O ~  1 . ~ O O O O E - ~ ~  ~ . ~ O O O O E - O ~  
15 1.01OOOF-04 2.02000E-04 3.88000E-04 
27 2.OOOOOF-06 4.00000E-06 8.00000E-06 
21 0. 1.00000E-06 2.00000E-06 
7 2  0. 0. 0. 
73  0. 0. 0. 
24 n. 0. 0. 
25 0. 0. 0. 
7 6  n. 0. 0. 
78 0. 0. 0. 
29 0. 0.  0. 
30 n. 0. 0. 
27 0.  0.  n. 
4 







1- 725 20 E-02 
1.100 10 E-02 
7.01 400E-03 











0 .  






i . i 5 9 o n ~ - o 3  
~ . O C O O O E - O C  
5 
0 .  
0 .  
0 .  





2 - 12470 E-02 
1.35470E-02 






8 -45000 E-04 
1.31000 E-04 




0 .  




0 .  
0 .  





0 .  
0 .  























































































F R O M  9 










i o  5 . 6 7 6 5 0 ~ - 0 2  
11 9.92890E-02 
12 6.33090E-02 
1 3  4.0168OF-07 
1 4  2.57400E-02 
15 1 . 6 4 1 2 0 ~ - 0 2  
16  1 . 0 4 6 5 0 ~ - 0 2  
19 I . ~ O R O O F - ~ ~  
77 I .  7 n n n o ~ - o 5  







7 1  7.50000E-C5 
7 3  4.OOOOOF-06 
25 0. 
26 0. 




















3.20000E - 05 
7.00000E-06 








7 . 6 5 1 h n ~ - o 2  



















1 ~ 1 6 6 0 0 F - 0 3  
7.60000E-04 

























1.05107 F-0 1 
6.70190E-02 


















0 .  
0. 
0 .  
0 .  
0. 
0. 
3 .  
0. 
0 .  
0 .  
0. 
2.32288 E-0  1 
1.90662 E-0 1 
1.21572E-01 
1.12870E-01 








0 .  
0 .  
0 .  
0. 
0 .  
1 4  





0 .  
0. 
0 .  
0. 
0. 
0 .  
0 .  
0. 
0 .  
2.88981E-01 
2.18783E-01 







1.  7OOOOE-05 
4.00000E-06 
1.OOOOOE-06 
0 .  
0. 
0 .  
0. 































































TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTION 
[Atom ratio of hydrogen to uranium 235; 500.1 
(a) Continued. Group split A 














13 0.  
14  0 .  
15 0. 
1 6  0. 
17 0. 




































18 9.2505OF-01 0. 0. 
19  2.12105E-01 8.22309E-01 0. 
20 4.73770E-02 1-A6123F-01 9.55187E-01 0. 



































































7 4  i . 1 7 0 0 0 ~ - 0 4  















i o  n. 
11 n. 
12 n. 




17 0 .  
1 A  0. 
1 9  0. 
70 0. 
21 0. 
23 0.  
27 n. 
2 4  n. 
7 5  n. 




3n 3 . 4 4 ~ 0 0 ~ - n 3  
2.068OOE-03 1.07450E-02 
4 . 6 i o o o ~ - n 4  2 . 3 9 7 0 0 ~ - 0 3  
I .  O ~ O O O E - ~ ~  5.35 OOOE-04 
2. ~ O O O O E - ~ ~  1. ~ ~ O O O E - O ~  











































































































1.16150 6 0 2  
2.59200 E-03 
5.78000E-04 






























0 .  

















































1.04803E 00 0. 0. 
2.36848E-01 1.05767E 00 0. 
5.28480E-02 2.39018E-01 1.06291E 00 
1.17920E-02 5.33320E- CZ 2.40192E-01 
2.63100E-03 1.19000E- 02 5.35940E-02 
5.870OOE-04 2.655OOE-03 1.195806-02 
1.31000E-04 5.92000E-04 2.66800E-03 




























0 .  
0. 
4.95400E-03 
0 .  
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TABLE V. - Continued. CROSS,-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTIONS 
[Atom ratio of hydrogen to  uranium 235; 500.1 
(a) Continued. Group spl i t  A 







i o  n. 
11 0. 
12 r ) .  
1 1  0. 
14 0. 
15  0. 
1 6  0. 
1 7  0. 
18 0. 
19 0. 
2 n  0. 
2 7  0. 
23 0. 
2 5  0. 
27 0. 
79 0. 
2 1  n. 
7 4  n. 
76 n. 
Z R  n. 
1n 0.  
FROY 
1 0. 









P I  1 I TRAMSFFR H A T X  I X R -  10 
F R O Y  1 2 3 4 
T 0  
1 0 .  0. 0. 0. 0. 
2 2.63418F-01 0. n. 0. 0. 
3 -1.99760E-02 2.32552E-01 0. 0. 0. 
-3.75480E-02 1.1868OF-01 0. 0. ~~~ 
































0 .  






































10 -7.98059F-C1 0. 0. 
11 -1.97013F-01 -6.93568E-01 0. 






































































0 .  
0. 














0. 0. 0. 
-1.04837E 00 0. 0. 
-2.50751E-01 -6.47246E-01 0. 

























































1 5  
1 2  0 .  -2.08509F-01 -6.87140E-01 0. 0. 
11 0. 0. -2.10711E-01 -8.87616E-01 0. 
1 4  0. 0. 0. -3.30623E-01 -1.14651E 00 0. 0. 
IS 0. 0. 0. 0. -3.31991E-01 -1.33235E 0 0  0. 
I h  
1 7  
1 8  
1 9  
20 
2 1  
2 7  
2 3  
7 4  
7 5  
















































































-3.20541E-01 - 1.29742E 00 














































TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URAiWL FLUORIDE 
SALT IN WATER FUEL SOLUTIONS 
[Atom ra t io  of hydrogen to  uranium 235; 500. ] 










1 2  0. 
1 4  0. 





13 0 .  
15 n. 
17 0. .. 
1 8  -7.75699E-01 0. 
19 n. -2.62521E-01 0. 






0 .  
0. 


















































1 4  0. 
1 5  0. 
16 0. 
1 7  0. 









1 0  n. 
11 n. 
1 9  n. 





































26  -6.56978F-01 
0. 
0. 


























































27  0. -6.54951E-01 0. 
0. 







































-6.42895E-01 0. 0. 
0. 
0. 
0 .  


























































23 2 4  
-6.49626E-01 0. 0. 
-6.52842E-01 0. .~ 
0. -6.56099E-01 0. 



















































0 .  
0. 
0 .  
0. 
0. 




29 0. 0. 0. -6.57161E-01 0. 
0. 0. 







































30 0. 0. n. 0. -6.39973E-01 0. 
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TABLE V .  - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 














1 3  
1 4  
1 5  
16 
17 
1 R  
19 
7 0  
21 
27 
7 3  
2 4  
? 5  
2 6  
27 
2 R  
2 9  
3 0  













1.41 1 3  900 
1.41?1340 




























I 2  
1 3  
1 4  
1 5  
16  
1 7  
1 R  
1 9  
7 0  
21 
7 2  
2 3  
?4  
2 5  




































SALT IN WATER FUEL SOLUTIONS 
[Atom ratio of hydrogen to uranium 235; 500. ] 












1.3085 82 0 





l . ? O 6 9 ? 5 0  
1.2065690 
1.70 65820 
I .  001 7470 
1.001 7 4 7 0  































3.85 841 10 
3.8087200 
3.9945130 



































0.490 14 80 
0.2041380 
0.1991850 
n. z 3241 30 
0.2963370 
























0 .9200 130  
0.0328830 
0.0372600 
0 -0478 400 
0.0542100 
0.1866260 
o .o 146 I 7 0  
0.0422200 
1 NGUS 1 
A N U S I G  
0 .  
0 .  
0 .  
0 .  
0. 
0 .  
0 .  
0. 
0 .  
0. 
0 .  
0. 
0 .  
0 .  
0. 
0 .  
0 .  
0. 












Y S T 4 R T  2 9  
ALPHA 
-0. 
- 0 .  




- 0. - 0. 
-0 .  
- 0 .  
- G .  
-0. 







- 0.  - 0. 
- 0 .  
- 0 .  
-0. 
- 0 .  
- 0. 
-0. 
- 0 .  
- 0. 
-0. 































NGF 8 NGOST 1 N G U S P I  






























0 . 2 4 ~ 9 0 1 ~  
























8 .  9000000 
17.4000001 
36.0000000 








0 .  
0. 
0. 





0 .  
0 .  
0. 
0. 








0 .  







YSTART 2 9  
ALPHA - 0. 
- 0. - 0. - 0. 
- 0. 
-0. 
- 0 .  
- 0. 
- 0. - 0. 
-0. 
- 0 .  
-0. - 0. - 0. 
- 0. 
- 0 .  - 0. 
-0. 
-0. 
- 0 .  
- 0 .  
- 0. - 0 .  
-0. 
- 0. - 0. 
-0. 










6.94 9 72 1 0 














9.66631 9 0  
13.9109470 
23.3443520 





TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 












1 2  
1 3  







7 2  
7 3  
24 
2 5  
26 





2 7  























7 4  
2 5  
26 
2 8  
7 9  
3 0 
i n  
i r  
2 7  
3 Ufl2F 2 
S I G  
0.1765830 
0. 1 7 7 0 9 8 0  



























2 . ~ 9 r 5 9 0  








4 .  8329510 
4 .  w c s r 2 n  
7 . 6 3 8 7 0 ~ 0  
27.6613960 
56.978581 9 




3 2 6 . 9 ~ 1 2 7 ~ 5  
444.6000404 
503. 3non412 
6 4 5 . ~ 0 0 0 3 6 6  
r 30.40 no 320 
~ 2 r . i n o o i 6 b  









NGOS 2 9  






0.581 381 0 






0 . 0 ~ 8 r 4 0  
0. o w  71 o 
0. i 6 r i 8 0 0  




0. 5 0 n 6 0 0  










SALT IN WATER FUEL SOLUTIONS 
[Atom ratio of hydrogen to  uranium 235; 500.1 
(b) Continued. Group split B 
NGDS 12 
F I G S O  I t - G  1 
0. ~ 6 7 2 7 6 0  
1.0411 740 
1.091 1 71 o 
3.3784470 
2.5798060 




3 . 0 7 7 ~ 7 4 0  
3.0785870 
2.56 mono 
7 .  567871 o 
1.0941400 
1.4083640 
2.30 81 14 0 














NGF 3C NGnST 0 NGOSPI 
S I G S I I G - G I  
0.3946410 
0.1286310 
0 ~ 1 1 8 2 3 0 0  
0.1599510 














0 .84r i r40  
0. a54 12 90 








0 . 5 ~ 7 6 4 1 0  
2.0854+00 































NGF 5 NGDST 2 Y G O S P l  










0.957 11 00 







































2 5 1.447404 9 
3 2 2 . 8 8  12294 









29 NGUS 1 





0 -000 4100 
0.0003890 

















0 -0049  140 
0.0138180 
0 .O 234850 
0 -0 21 4 150 
0.1434560 
o .o 178530 
0.0287roo 
2 NGUS 1 











0 .  
0 .  
0 .  
0 .  
0 .  

































- 0. - 0. 









-0. - 0. 
-C .  








- 0. - 0. - 0. 



















S I G T R  
0.0965500 
0.125362 0 















































444.33 102 80 
503.0305595 







199.6 I 7141 r 
936.4543076 
2748. 7600098 
7 1  
TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTIONS 
[Atom ratio of hydrogen to uranium 235; 500. ] 
(b) Continued. Group split B 
PI01 TRANSFFR MA 
FROM 1 










i n  A. ~ O O O O E - C ~  
11 I . ~ ~ O O Q F - O ~  
12 7 . 0 n 0 0 0 ~ - 0 h  
1 3  @. 










7 . 3 4 0 0 0 E - 0 4  
3 . ~ O Z ~ A E - ~ I  
~ . ~ o o o ~ E - o ~  
















1 4  0. 
1 5  0. 
16 0. 
i r  0. 
IR 0. 
I?  0. 
20 9. 





76  0. 
77 0. 
2R 0. 






































































2 2  
73 
2 4  
2 5  





































































5.3 LO5 1E-0 I 
7.OZ510 E-0 2 
4.67650E-02 
7.98500 E-03 
1.19 303 E-03 
2.58300E-04 























- 0 1  0. 0. 
2.13937E-01 0. 







































































0 .  0. 
0. 0. 
3.  0. 
0 .  0. 

























3.  0. 











































































































3 0 .  
4 0 .  
5 r). 
6 9. 
7 0 .  
8 0. 
9 0. 
10 0 .  
1 2  0 .  
11 n. 
1 3  r. 
1 4  n. 
1 5  n. 
l h  0 .  
17 0 .  


















1R 1 . 3 5 7 4 6 E - 0 1  0. 
19 n. 
70 0. 
21 0 .  
27 0. 
7 4  0.  
76  0. 
27 0. 
29 0. 
23  n. 
2 5  n. 
Z R  n. 
30 n. 
F R 9 M  
T O  
1 n. 
7 0.  
3 n. 
4 0.  
h 0 .  




i n  0. 
1 1  n. 
13  n. 
1 4  n. 
12 0. 






21 0 .  
7 2  0.  
2 3  0 .  





















SALT IN WATER FUEL SOLUTIONS 
[Atom ratio of hydrogen to uranium 235; 500.1 









































2.0448RE-01 0. 0 .  
2 .03098E-01 0. 












2 5  
0. 
0. 





























































27 n. 4.OR778E-01 0. 
7R 0. 
























































0 .  










































0 .  
4 .0R277E-nl  c. 
0.  4 . 0 8 2 7 6 F - 0 1  0. 





















































































4 . 0 8 2 7 7 6 - 0 1  0. 







TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTIONS 
[Atom ratio of hydrogen to uranium 235; 500. ] 
(b) Continued. Group split B 
P ( 0 l  T R A V S F F R  HAT?IX c 9  
F R ' l H  1 7 
TP 
1 0. 0. 
7 2.07799E-01 0. 
4 6 . 6 3 8 5 1 F - 0 1  5.08612F-'l1 
6 3.45797E-01 3.82727F-01 
7 7.51703E-01 3.09452E-01 
A 4.478705-07 5.93870E-02 
T 4 . 7 5 9 n ~ ~ - o i  3 .04411~-01 
5 5 . h i 4 0 w - 0 1  5 . 3 9 4 0 4 ~ - 0 1  
9 h . i i 2 0 0 ~ - 0 3  9. ~ ~ R O O F - C ~  
10 9 . 4 3 0 0 0 ~ - 0 4  I . ~ O I O ~ E - ~  
13 7.ooonn~- n6 3. nn000~-06 
I1 1.79000E-04 1.79000E-04 


















0 .  
0. 
5.01976E-01 




2.5 1 1 9 0  E-03  






0 .  
0. 
0 .  
4.52246E-01 










3 .  
0 .  
0 .  




































1 4  0. 
16 3. 
17 0. 





2 3  I?. 
2 4  0.  
2 5  0. 
26 0. 
7 7  0. 
78 @. 
2 9  0.  
70 9. 
15  n. 
F R Q Y  
T O  




































10 1.07974F-01 0. 














































0 .  
0. 
0. 








1 2  0 .  0. 8.101 90E-02 0. 
0 .  
0. 
0 .  
0. 
0. 






0 .  








0 .  






































1 4  f'. 
16 0. 
17 0 .  
18 n. 
1 9  n. 
70 0. 
21 0 .  
22 0. 
73 0. 
24 0.  
25 9. 
26 0. 
7 7  0. 
29 0. 
1 5  n. 
7~ n. 




















































































































0 .  0. 
1.69590E-01 0. 0. 
n. 1.48784E-01 0. 0. 
0 .  0 .  4.53875E-01 0. 
0 .  0. n. 1.012686-01 
0. 0. 0. 0. 
0. 0. 0. 0. 
0. 0. 0.  0. 
0. 0. 0. 0. 
0. 0. 0. 0. 
0. 0. 0.  0. 
0 .  C. 0. 0. 
0. 0. 0. 0. 
0. 0 .  0. 0. 
0. 0. 0. 0. 
0 .  0. 0. 0. 
0. 0. 0. 0. 
0 .  0. 0. 0. 
74 


















T O  
5 n. 























2 5  0. 
76 0. 














7 0 .  






1 4  0. 
1 5  0. 





71 0 .  
2 2  0. 
74 0. 
2 5  r). 
73 n. 



















SALT IN WATER FUEL SOLUTIONS 
[Atom ratio of hydrogen to uranium 235; 500. ] 
@) Continued. Group split B 



















L.42345E-01 0. 0. 


































































































0 .  .
1 -41623E-01 0. 
0. 





























































0 .  





C .  



















I) .  
0. 
0. 
0 .  
0. 
0 .  
0. 
4.76108E-01 0. 0. 
0. 5.11 562E-01 0. 





















































0 .  
0. 
0. 






































20 9. 0. 0. 0. 6.39458E-01 0. 
75 
TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTIONS 
[Atom ratio of hydrogen to uranium 235; 500. ] 
(b) Continued. Group split B 
P I 0 1  T P A Q S F E R  N 4 T 9 1 X  U07F2 
CHOY 1 7 3 
T l l  
1 P .  n. 0. 
7 3 . 5 2 4 0 0 ~ - 0 ~  r). 0. 
3 1.66lROF-07 5.490OOF-02 0. 
5 6.lhOOCIf-C3 l .368ZCE-02 3.0495OE-02 
6 3.73900c-03 8.31600E-03 1. R5260E-02 
R 1.374OQC-03 2.967OOF-03 6.62000E-03 
Q 4.84000t -04  1.CR8@OF-O3 2.431OOF-03 
4 1. c i  1 9 n ~  02  ? . 7 4 8 8 0 ~ - 0 2  5.5 93 ~ O F - O Z  
7 3 . 6 7 7 0 0 ~ - 0 ~  8. 0 9 7 n 0 ~ - 0 3  I . R ~ ~ O O E - O ~  
i o  ~ . ~ R O O O E - P ~  4 . r n n o 0 ~ - 0 4  R. W + O O O E - O ~  
I 1 6 . 5 n ~ m ~ - o 5  i . 4 7 0 0 0 ~ - 0 4  3. ~ ~ O ~ O F - O G  
1 7  2 .4030n~-  o 5 5 . 4 0 0 0 0 ~ -  0 5  1. 21 OOOE -04 
15 ~ . P O O F O F - C ~  3 .  n o o o n ~ - o h  5. O ~ O O O E - ~ ~  
16 i . o o o n ~ - r 6  ~ . O O O O O F - O ~  3. O Q O ~ O E - O ~  
19  n. 9. n. 
13  9. nOO@OG-06 ?. W3000F-05 4.4OOOOF-05 
14  7 . 0 0 0 0 0 F - O h  6.00000E-06 1.40000E-05 
17  n. 1. Pr)OOOE-Oh 1 .00000E-Oh  
18 0. 9. 1.00000E-06 
?n n. 0. 3. 
21  0. 0. 0. 
2 7  '7. 
7 1  n. 
7 4  n. 
75  0. 
26 r?. 
27 3. 
7 R  r). 
19 0.  
1r) 0 .  
FU09 9 










i n  4 .35614~-01 
1 1  1.55291F-01 
12 5.717ROF-07 
13  






2 1  
22 
23 








2 . 1 0 1 6 n ~ - o z  
1 . 4 4 0 0 0 ~ - n 3  
7. ~ O O O O F -  n 4  
i . 4 5 0 0 0 ~ - 0 4  
h.4530W-C'3 
3.04RnllF-03 








5.0000n6- O b  
1.CCr)OOF-Oh 
~ . ~ O O O O E - O ~  
1. i o n o w - o 5  
0. 
0. 



















0 .  






0 .  
n. 
5 . n n i 6 4 ~ - 0 1  
1.78951E-01 
5.5R320E-02 






7 . 5 1 0 n o ~ - o 4  
2 . 7 6 0 n o ~ - o 4  
~ . ~ ~ o o P F - o ~  
~ . ~ O O O O F - O ~  
7 . 7 o o o o ~ - n 5  
3.50000E-05 
7.10000E-05 
1 . 6 O O O O F - 0 5  
1.30OOPE-05 























0 .  


































3.  70000E-05 
I. OOCO3F-n4 
4. RI O O O E - ~ ~  
4. ~ O O O O F - O ~  













1.673 30 F-34 
1.33333F-34 
1-01 J10 t - 0 4  
7.93OOOE-05 
2.77000E-04 



















1.23 41 3 F-F 1 
















0 .  
0 .  
0 .  
0. 
0 .  
0. 
@. 

















6.3000OE- 0 5 























9 .70000t -05  
4.60000E-05 
L.60000E-05 
I .  00000E-05 
6. 00001)E-06 
4.00000E-06 

























0 .  














4 . 6 5 4 5 0  E-02 
9.94400E-03 
6.03200 F-03 



























2 . 3 0 6 0 0 ~ - 0 3  
0. 
0 .  
0. 
0. 














0 .  
0. 
0. 
0 .  
1 4  


























5 . 0  11 40E- 02 
3.03960E-02 
I.  84360E-02 



























TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUOWDE 
FROM 











R n.  
1 2  n. 
1 3  n. 
15 n. 
1 4  0. 
I h  0. 
17 0. 















0 .  
n. 
n. 
1 R  3.93104F-C1 9. 



















SALT IN WATER FUEL SOLUTIONS 
[Atom ratio of hydrogen to uranium 235; 500. ] 
(b) Continued. Group split B 
19 2 0  2 1  
0. 0. 





0. 0 .  
0. 0 .  
0. 0 .  
0. 0 .  
0. 0 .  
0. 0. 
0 .  0. 
0. 0 .  
0. 0 .  
0. 0. 
n. 0. 
0. 3 .  










5.2495ot - nz  
1.171 3 o ~ - n 2  
4.4 8 6  93 E -01 

















3.22190E-02 5.35530E-3 2 
2.5C970E-02 4. I7070F-02  
8 . 8  3430 E-32 I e468 3 8 E-0 1 
6 . 8 2 3 8 0 ~ - 0 ~  I .  1337 i E - 0 1  
F R O M  7 5  26 2 7  28 2 9  
T O  
1 0. 0. n. 0. 0. 
3 0. 0. 0. 0. 0. 
4 0. 0. 0. 0. 0. 
5 0. 0. 0. 0. 0 .  
h 0. 0. 0. 0. 0.  
7 n. 0. 0. 0. 0 .  
8 0 .  0. 0. 0. 0. 
9 0. 0. n. 0. 0. 
i n  n. 0. 0. n. 0 .  
11 0. 0 .  0. 0. 0. 
1 2  0. 9. 0. 0. 0. 
13 0. 0. 9. 0. 3.  
14 n. 9. 0. 0. 0.  
15 n. 0. 0. 0. 0 .  
1 7  0. Q. 0. 0. 0. 
1~ n. n. 0. 0. 0. 
19 0. 0. 0. 0. 0. 
70 0. 0. 0. 0. 9. 
71  n. 5 .  0. 0. 0 .  
2 7  0. 0. 0. 0. 0. 
73 0. 0.  0. 0. 0. 
2 4  n. 9. 0. 0. 0 .  
75 P. 0. 0. 0. 0. 
76 3.32O37F-01 0. 0. n. 0. 
27 7.17014~-01 3 .32717~-01  0. n. 0. 
ZR i . h 5 1 1 6 ~ - 0 1  2 . 1 7 5 4 6 c - n ~  3 .36299~-01  0. 9. 
29 1.7'3597E-01 1.6557RF-01 2.15332f-01 3.41982E-01 0. 
7 0. n. 0. 0. n. 
1 6  0. n. 0. 0. n. 
0 .  
0 .  
0. 












































1.64370E- 0 1  




















0 .  








0 .  
0. 
0. 
0 .  
0. 
9. I I ~ O O E - O ~  
























3. 31314E-01 0. 
2.11458E-01 3.31720E-01 
1.646R3E-01 2.11771E-01 
1.2 82 55E- 01 1.64926E-01 
9.98850E-02 l .28444E-01 
7. 77910E-02 1.00033E-01 
2.73879E-01 3.52186E-01 
3" 4.52738F-01 5.87779E-01 7.59118E-01 9.93446E-01 1.35387E 00 0. 
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TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTIONS 
[Atom ratio of hydrogen to uranium 235; 500. ] 
(b) Continued. Group split B 
P I O )  TRAYSFER YATTIX 8-10 
F R O Y  1 2 3 
Tn 
I 0. 0. 0. 
2 3.6379PF-01 0. 0. 
1 7.49010F-07 4.31722E-01 0. 
4 ~ . T I ~ I o G - ~ ~  2 .53030~-02 7.58010E-01 
5 7 . n o 1 2 n ~ - n 7  i . z 7 a q o ~ - w  a . ? 3 0 0 n ~ - 0 3  
A 7 .  1 3 0 ~ 0 ~ - 0 4  4 . 9 5 0 0 0 ~ - 0 4  3. ~ ~ O O O E - O ~  
9 1 . r nnnn~-o4  7 .00000~-05  5. I O O O D E - ~ ~  
h R.61700F-P3 5.71100E-R1 3. H4100t-03 
7 4.R490i’F-03 3.29AOOF-03 2. 34LOOE-03 



















0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
1.07632E 00 0. 0. 
0. 6.051 52E- 01 0. 
0. 0. 
1 2  0. 
14 0. 
1 5  0. 
Ib 9. 
17 0.  
1 R  P. 
7 0  0. 
7 1  C .  
71 0. 
7 4  0. 





7 7  0. 
7~ n. 
7 9  n. 























3 .  
0. 


























































C .  
















3 -  
0 .  
0 .  









0 .  
0. 
0 .  
n .  





0 .  
0 .  




3 .  
0. 
11 0. 
1 2  0. 
1 4  0. 
15 0. 
I 6  0. 
17 @. 
1 R  0. 
19 0. 
? O  0. 
21 0. 
? 7  0. 
7 6  0. 
7 5  0. 
2 6  0. 
2 A  0. 
2 9  0. 
1 3  n. 
7 3  0. 
37 n. 
0. 
h.10653E-01 0. 0. 0. 
0. 7.61892E-01 0. 0. 
n. 0. 7.43747F-01 0. 
0 .  
0. 
C .  
0. 
0 .  
0. 



























0 .  






















































































7.64173E-01 0. 0. 
3. 1.02153E 00 0. 
0. 






0 .  
0. 
0 .  
0 .  
0. 
0 .  






















































































TABLE V. - Continued. CEEDSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 












10  0. 
11 0. 
I 2  e. 
13 0. 
14  0. 
15 0. 
16  0. 



















18 1.02146E C 0  0. 
19 n. 
27 n. 





















13  0. 
1 5  0. 









1 4  n. 
17 n. 
73 n. 
24 0 .  
[Atom ratio of hydrogen to uranium 235; 500. J 
(b) Continued. Group split B 























































































































































































4 .006 lbE-01 
0. 
0. 
























































































































75 9 .  0. 0. n. r?. 0. 
76 7.77087F 00 0. 0. 0. r). 0. 
27 4.00617E-01 2.27087F 00 0. o. 9. 0. 
7R 0. 4 . o n 6 1 7 ~ - 0 1  2 . 2 7 0 8 7 ~  00 0 .  0. 0. 
?9 0. n. 4.00hlhE-01 2.270RIE 00 9. -0. 
10 0. 0. 0. 4.0061bE-01 2.h7149E 00 0- 
TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTIONS 
[Atom ra t io  of hydrogen to uranium 235; 500. ] 
(b) Continued. Group spl i t  B 





R Q .  
19 P. 
11 0. 
1 2  n. 
1 3  0. 
14 0. 
15 0. 
l h  0. 
17 0. 
1 R  0. 
1 9  0. 




2 4  0.  
25 0. 
20 0. 
7 R  3.  
79 0. 
9 0. 
1 7  n. 
30 0. 











P I  1 1  T R 4 Y S F E R  Y A T i l 1  X 4 L  
FR' IY 1 2 3 4 5 6 7 6 
r n  
1 n. 0. 0. 0. 0. 0 .  0. 0. 
7 -2 .17710~-07 0. 0. 0. 3 .  0 .  0. 0. 
- 3.87590E-02 0. 0. 0. 0. 0. 0. 











































































11 0. -6.98990E-02 0. 
1 2  0. 
13 n. 
14 9. 
-1.28772E-01 0 .  0. C. 0. 
0 .  
0. 
0 .  
0. 
0 .  
0. 
0.  
0 .  
0 .  
0. 
0. 




















0 .  
0 .  




-1.7Y120E-01 0 .  0. 0. 
0 .  
0 .  
3 .  
0. 
0 .  
C. 





0 .  





0 .  
c .  
0 .  
2 .  
0. 
0. 
3 .  
1 2  









0 .  
0. 
n. 
1 3  
0 .  
0 .  
0. 
0. 







0 .  
0. 
0. 
0 .  
0. 
0 .  
0 .  
0 .  
0 .  
C .  
0 .  
0. 
0. 
0 .  
0. 
0 .  
0. 
0. 




0 .  
0 .  
0. 
1 4  
0. -9.30530E-02 0. 
0. 0. -9.4169OF-02 0. 























-3.04229E-01 0. 0. 
-2. 32774E-01 0. 
0. 
































0 .  
0. 
0. 


















1 7  0. 




7 1  0. 
7 7  0. 
7 4  0. 
25 0. 
2 6  0. 
7A 0. 
79 r). 
































0 .  
0 .  
0. 
0 .  
0 .  
0 .  
0 .  
0. 
0. 












0 .  
0 .  







0 .  
0. 
0 .  
0. 
0. 







































.1 -27355€-  .01 
TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTIONS 
[Atom ratio of hydrogen to uranium 235; 500. ] 













I I  0. 
12  r). 
13 0. 
14  0. 
15 n. 
1 7  
16  0. 
17 0. 























































0 .  
19 0. 
20 0. 
2 1  0. 
27 0. 
24 n. 
75  n. 
7 3  0. 
26 0. 




f R I I M  
T O  
1 n. 
3 n. 










1 3  0. 
14  0. 
15 0. 
17  0. 
18 9 .  
19 0. 





24 A.  
75 0. 


























































































































































-1.91937F-01 0. 0. 
-1.91902E-01 0. 0. 
-3.65747E-01 0. 
































0 .  
0. 
n. 















3 .  
3 .  
0. 












































c. - 3 . a 5 7 4 n - o i  0. 
9. 0. -3.95747E-01 0. 


















0 .  
0. 























TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTIONS 
[Atom ratio of hydrogen to uranium 235; 500. ] 
@) Continued. Group split B 
P I  11 TRANSFFR H A T S I X  C O  
FROM 1 2 3 4 
T O  
1 n. 0. 0. 0. 0 .  





7 0 .  
A 0. 
10 0 .  
11 0.  
9 n. 
17 n. 







7 3  n. 
7 4  n. 
76 n. 
2 7  n. 
29 n. 
19 0.  
71 0. 
2 2  0.  
25 c. 
7R 0 .  
30 0. 










- 1 . 2 0 4 6 n ~ - 0 2  0. 0 .  3. 
n. 
n. 





















n .  
0. 
0. 
0 .  
9 
0. 











































n. 9 0 .  n. 
19 - 9 . 7 8 8 3 0 F - Q t  0. ~~ 
11 4. - 7.7601 O E - 0 2  0. 
-2 .63140E-02 0. 0 .  
-2 .79910E-02 3 .  
0. 
0. 
0 .  
0. 
0 .  
0. 
0. 











0 .  
0. 
0 .  




I 1  
0 .  
0. 
0. 
0 .  
0. 
0. 




0 .  
1 2  
- 3 . 4  
0 .  
3 .  
0 .  
















0 .  









0 .  








0 .  1 2  n. n. -7 .53610E-07 0. 
1 3  0. q. 0. -5 .63700E-02 0. 
14 n. 
1 5  0.  
16 0. 
1 R  0. 
19 0. 
21 0 .  
7 7  0. 
7 3  n. 
? 4  n. 
7 5  9. 
7 6  0.  
7R 0 .  
17 n. 
70 n. 
?r  n. 













































0 .  
0 .  
0. 
0. 




-1 .60  2 0 2  E 
0 .  
0. 





















0. 0. 0. 
0 .  0. 0. 
0. 0. 
2 0 .  0. 
















0 .  
0. 
0 .  
0. 
0 .  




0 .  























































































0. -01  0. 0. 
- 1 . 4 1 4 4 5 E - 0 1  0. 0. 
0 .  - 4 . 3 2 1 3 8 E - 0 1  0. 
0 .  0 .  -9 .64150E-02 
0 .  0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
0 .  0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTIONS 










in 3 .  
1 7  n. 
1 4  0. 
1 6  n. 
6 0. 
R 9. 
11 0 .  





















18 -9.h9130E-CZ 0 .  
1 9  1. 
2 0  7 .  
7 1  0. 
2 3  e.  




2 2  n. 
7 4  n. 
2 7  n. 
1c p .  
F R O Y  
1 0. 





I O  n. 
1 3  n. 




11 0 .  
12 0. 
1 4  0. 
1 5  0. 
I6  0. 
1 P  0 .  
19 '7. 
7 1  0. 
2 7  0. 
1 7  0. 
70 0. 
23 n. 



















(b) Continued. Group split B 







































3 .  
0. 
-1 .3h15HF-01 0-  
-1 .34850E-01 0. 






































7 4  9. 
7 5  0 .  






































0 .  
0 .  
0 .  
























0 .  



































0 .  
0 .  
0. 
0. 
0 .  
28 
0 .  
0. 












3 .  
0 .  
9. 
0. 







0 .  
0. 
Z P  n. 0 .  - 4 .  8A9R6E-01 0. 9. 
7 9  3 .  0. n. -6 .11240E-01 3. 












0. 0.  
0. 0. 
0. 0. 








- 2 . 7 8 4 5 0 E - 0 1  0. 0 .  
0 .  - 2 . 9 2 0 3 1 E - 0 1  0. 
0. 0. - 3.12404E-01 
0. 0 .  0. 
0. 0. 0. 
0 .  0. 0. 
0. 0. 0. 
9. 0. 0.  






























30 0. 0. 0. 0. - 6 ~ 1 1 2 3 1 E - 9 1  0. 
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TABLE V .  - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
P I  I I  TRAYSFFR P I P  
F R n Y  I 
T O  
1 n. 








1 2 I .  010OOF-06 
9 L . I ~ O ~ O F - O ~  
11 6 . m o n 0 ~ - ~ 6  
13 n. 
1 5  0. 
I 4  0. 




7 1  3. 
7 7  0 .  
2 3  I . 
7 4  0. 
7 5  0. 
26 0. 
7 7  0. 
28 0. 
29 q. 










A 0 .  
9 0 .  
T O  













1. 00000F- O b  
0. 
0. 
3 .  I W O O F - O ~  




























1 2  










7 3  
7 4  
25  
7 6  
27 
24 




















0 .  
C. 
n. 
SALT IN WATER FUEL SOLUTIONS 
[Atom ratio of hydrogen to uranium 235; 500.1 
@) Continued. Group split B 
0.  





3 -  2O00CE-04 
4- 1000OE-05 





















1. 91 01OF-02 
4. %h?OOE-03 

















































4. I ~ O O O F - O ~  
8. OOOOOE-06 
2. or)ooor -06 
7. O ~ O ~ O ~ - O S  
4 
I). 
0 .  
0. 




1.122 R O  E-02 
2.50500E-0 3 
5.59330E-04 
1 .25030t -04  
2.80030E-35 
h .00300 E -06 
1.3333OF-06 
0 .  
0 .  
0. 






















0 .  
0 .  
0. 




6.943 30 F -0 3 
1.76330E-33 
8 .  31330?-04 










2 . 1 3 7 7 0 ~ - 0 7  
5 . 7 3 0 0 0 ~ - 3 5  
5 
0 .  
0. 
0. 











1.0C)9CG E - C 6  
0. 




0 .  
0 .  
0. 
3 .  
0 .  
9. 
0. 
0 .  
0 .  
0 .  






0 .  





0 .  
0 .  
9.09 316 E-0 1 















5 .  W ~ ~ O E - O ~  
6 
0 .  
0 .  
0. 
0 .  
0 .  
0 .  
3 . 8 8 8 2 4 E - 0  1 





4 .  AOOOOE-05 
9.00000E-06 




0 .  
0. 
0 .  
0 .  
0 .  




0 .  
0. 
0. 
1 4  
.06  5.00000E-06 














1 5  
0. 
0 .  
0 .  
0 .  
0 .  
0. 
0 .  
0 .  
0. 
0.  
0 .  
0 .  





































I .  99090E- 02  








1 . 9 l O O O E - 0 4  































































3. I O O O O E - 0 5  
1.00000E-05 
3.00000E-06 














TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTIONS 
[Atom ratio of hydrogen to uranium 235; 500. ] 













1 2  0. 
1 3  0. 
14  0. 







































0. . _  
1 8  R.352R6E-01 0. 0. 
20 1.90426E-01 4.74095C-01 9.76778E-01 0. 







































3 .  
0. 
I). 
7 1  8.9951OE-02 2.13947E-01 4.74716E-01 9-87858E-31 0. 






















22 2.51 WOE-07 h.76950E-02 1.32 760E-01 2.84175E-01 5.79232E-U 1 0. 
73 







5.6 l 900E-03  
4.30900E-02 
2.96150E-02 
2. C35 40E -02 
1.39R90F-02 
3. R6200F-03 9.61500E-03 
28 2.65400E-03 h.60900F-03 
29 1.R2400E-C3 4.54100E-03 
30 4.0020OF-03 9.965COE-03 
FR9M 7 5  









1 0  0. 
11 0. 
1 2  0. 
1 3  0. 
1 4  9. 
1 5  r). 
1 4  0. 
17 0. 
1 9  0. 
19 0. 
70 0. 
2 1  0. 
2 7  0. 
73 0. 
24 0. 
7 5  c. 
2 6  6.7076OE-01 
2R 3.42675F-01 
29 7.35517F-01 
30 5 . lh745E-01  
7 n. 
27 4 . 9 ~ 5 ~ 4 ~ - n i  













0 .  
0. 













4 - 99RhOF- 01 
3.43551 E - 0 1  
7.53787c-01 
9.1244OE-02 





9.6 1700E-0 3 
Z.IlO1OE-02 





























5 . 0 6 4 9 4 ~ - n i  
i . i i 1 3 n ~  00 
1.9531 1 E-01 
1.34235E-Cl 
9.22580 E-01 



































1 . ~ 5 0 3 9 ~  on 























4. I 6 7 9  1E-0 1 
2.86457E-0 1 
1.9h879E-0 1 
1.35 31 3E-0 1 
9.2999C E-0 2 
6 - 39 170E-02 




3.41 132E- 0 1 
2 -34456E-01  











0 .  
0. 
0 .  
0 .  

















































































i . 1 0 9 5 9 ~ - 0 1  1.61683~-01 
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TABLE V. - Continued. CROSS-SECTION DATA FOR ALUMINUM, CADMIUM, BORON 10, AND URANYL FLUORIDE 
SALT IN WATER FUEL SOLUTIONS 
[Atom ratio of hydrogen to uranium 235; 500.1 









1 7  0. 
1 3  0. 
14 0. 
15  '1. 
l h  0. 
18 0.  
























P I  1 )  TRANSFFR nATR I X R-10 
FRDY 1 2 3 4 5 6 7 8 
T f l  
1 n. 9. 0. 0. 0. 0. 0. 0. 
2 9.25340E-02 0. 0. 9. 3. 0. 0. 0. 
-2.51446F-01 0. 0. 0. 0. 0. 0. 



















0 .  



















































-6.094 12 E-01 0. 0. 0. 








































0 .  
12  
0 .  
0.  
0 .  




3 .  
0 .  
0. 
3. 





0 .  
0. 
0 .  
0. 
0. 
0 .  
?. 






0 .  
0. 
0. 
0 .  
0. 
9 0. 0. 0. 
10 -2.62523F-01 0. 0. 
11 0. -4.81639F-91 0. 0. 0. 
17 0. 0. -6.42895E-01 0. 0. 















0 .  
0 .  
0 .  
0. 




1 3  
0. 
0.  





0 .  
0. 
0 .  
0. 
0 .  
0. 








































i r  0. 
70 r). 
7 1  n. 
1 0  0. 
19 0. 
















0 .  




























0 .  
0 .  
0 .  
0. 
0 .  











0 .  




0 .  
0 .  
0 .  
0 .  
3 .  
0. 
0 .  
0. 
0. 
0 .  
0. 
0 .  
0. 
0.  

























































































1 0 .  










17  n. 
1 4  n. 
15 0. 
1 7  0. 
I 6  0. 
17 
n. 
















1 A  
SALT IN WATER FUEL SOLUTIONS 
[Atom ratio of hydrogen to uranium 235; 500. ] 
(b) Concluded. Group split B 
1 9  70 2 1  
0. 0. 0 .  0. 
0. 0. 0. 0. 
0. 0. 0. 0. 
0. 0. 9. 0. 
0. 0. 0. 0. 
0. 0. 0. 0. 
0. 0. 3 .  0. 
n. 0. 3 .  0. 
0. 0. 0. 0. 
0. 0. 0. 0. 
0. 0. 0 .  0. 
0. 0. 0. 0. 
n. 0. 0. 5 .  
0. 0. 0. 0. 
0. 0. 9. 0. 
0. 0. 0. 0. 





































I R  -9.78673F-01 0. 0. 0. 0. 0. 0.  
19 n. 
70 n. 
7 1  n. 
7 3  n. 
25 n. 
76 n. 
7 r  o. 
22 0. 













1 2  c. 
1 1  0. 
1 4  0. 
15 0. 
16 0. 




2 1  0. 




T O  
3 0 .  
A n. 
i n  0. 
7 5  








































































































3 .  
- 8 .  !8256€-01 
-4.43288F-01 
n. 

















0 .  
0. 
0 .  
7 .  

















































7 6  -9.h5317F-01 0. 0, 0. 0. 0. 
27 -8.91069E-01 -8.653C9E-01 0. 09  0. 0. 
79 n. -8.91069F-01 -R.65313€-01 0. 0. 0. 
79  n. n. -8.91 067E-01 -R.65314F-01 0. -0. 
30 0. 9. n. -8.91067E-01 -1.75655F 00 0. 
























NASA--ley, 1967 - Z2 E-3690 87 
